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ABSTRACT
The vicinal dicyano compounds are good starting materials 
for the synthesis of macromolecules such as phthalocyanines 
and tetrazaporphins. The synthesis of cyano compounds and 
vicinal dicyano compounds, particularly the cyano derivatives 
of butadiene sulphones have been studied in this work.
This thesis is divided into five chapters as follows:
The first chapter contains a general introduction about 
organic cyanides; their preparations, reactions and 
applications.
In the second chapter, the synthesis of butadiene 
sulphone derivatives leading to mono and dicyano substituents 
is dealt with. It includes some mechanistic studies as well 
as spectroscopic studies by means of ir, nmr and mass 
spectrometry.
Chapter three discusses the synthesis of 3-cyano-and
3,4-dicyanodihydrothiophene. Oxidation of dihydrothiophenes 
into butadiene sulphones is also discussed in this chapter.
The synthesis of a ,$-mrsaturated nitriles from ketones 
and aldehydes, and in particular, the synthesis of 2,3- 
dicyano-1,3-butadiene is discussed in chapter four. The 
addition of hydrogen cyanide to a , g-unsaturated nitriles 
is also discussed.
Chapter five deals with the multistep synthesis of
2,3-dicyano-1,3-butadiene from phthalic anhydride. It also 
contains some mechanistic studies.
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ABBREVIATIONS
B = base peak ( in Mass spectrometry ).
b = broad ( in nmr ).
b.p. = boiling point.
c = complex ( in nmr ).
d = doublet ( in nmr ) .
g = gram.
GC = gas chromatography, 
gem = geminal. 
hr = hour.
Hz = Hertz.
J = coupling constant between protons, three bonds apart 
(H-C-C-H, 3J).
J 1 = coupling constant between protons more than three bonds 
apart. J 1 =
f(
H-C-C-C-C-H 
^  J 1 = 5J ^
m = medium ( in infrared ) , mole ( in concentrations ) , 
multiplet ( in ^H nmr ) . 
m.p. = melting point, 
min. = minute, 
q = quartet ( in ^H nmr ). 
s = singlet ( in ^H nmr ). 
t = triplet ( in ^H nmr ). 
vie = vicinal, 
w = weak ( in infrared ).
M+ = molecular ion. 
m* = metastable ion.
GENERAL NOTES
Analytical and Spectral Data;
Melting points were determined on a Kofler micro 
hot stage using standardised thermometers. Mixed 
melting points were determined using a Gallenkamp 
melting point apparatus.
Microanalyses were performed by the Microanalytical 
Service, Chemistry Department, University of Surrey, 
Guildford.
A Perkin-Elmer 577 Grating spectrophotometer was used 
for the infrared absorption spectra, samples were used 
as nujol mulls unless otherwise stated.
The proton magnetic resonance results were obtained 
using a Bruker WH-90, 90 MHz Pulse Fourier Transform 
Nuclear Magnetic Resonance Spectrometer.
For gas chromatography analysis, a Pye G.C.V. Gas
Chromatograph with Flame Ionisation Detector (F.I.D.)
was used. Separations were performed on glass columns,
1.5 x 6 mm O.D, The columns were operated with nitrogen
3 -1carrier gas flow of 40 cm min
The Mass Spectra were obtained using a Type MS 12 
single focusing Mass Spectrometer with a 90 degree sector, 
12 inch radius magnetic analyser made by Associated 
Electrical Industries (A.E.I.) in 1965. This instrument 
has been extensively modified and is coupled to a Pye 104 
Gas Chromatograph via a silicone rubber membrane separator.
3
The carrier gas used was helium at a flow rate of 30 cm 
min \  unless otherwise stated, and a split ratio of 1:1
between the F.I.D. and the separator was maintained.
The samples were ionised by electron impact with 70 ev 
electrons and an 8 kv accelerating potential was used.
-7
Source pressures were in the range 1 x 10 torr to 
—  6
3 x 10 torr. For GC-MS analysis, glass columns 1.5 m 
x 6 mm O.D. were used. In the F.I.D. hydrogen was run
3 —1 3 _i
at a flow rate of 30 cm min and air at 300 cm min . 
New and Known Compounds
In the Experimental sections, new compounds are 
designated A and known compounds by B in the left-hand 
margin.
CHAPTER I
INTRODUCTION TO ORGANIC CYANIDES
1.1 General Introduction.
1.2 Preparation of Nitriles
A) Substitution reactions.
B) Addition reactions.
C) Elimination reactions.
D) Nitriles from other nitriles as starting 
materials.
1.3 Reactions of Nitriles.
1.4 References
1.1 GENERAL INTRODUCTION
Nitriles or organic cyanides are organic derivatives 
of hydrocyanic acid in which the substituting group is 
attached to the carbon atom R-CEN. The thirties and forties 
witnessed a considerable increase in the work concerning 
nitrile chemistry, and the transfer of organic nitriles from 
a position of laboratory curiosities to that of large-tonnage 
chemicals of commerce. For example, acrylonitrile (used in 
plastics, synthetic rubber, synthetic fibres), acetone 
cyanohyrin (for methacrylonitrile plastics), and 
phthalonitrile (for phthalocyanine pigments) had reached 
large-volume production; numerous other nitriles have found 
application in the fields of synthetic resins, adhesives, war 
gases, insecticides, solvents, and especially as intermediates 
for the chemical synthesis of pharmaceuticals and vitamins.
The cyanide group is polar (in the same sense as the 
carbonyl group) due to the greater electronegativity of 
nitrogen compared to carbon. The cyano function is there­
fore electron withdrawing and it is subject to attack by 
nucleophilic reagents at the carbon atom and by electrophilic
R-C EEN <--------» R-C— N
reagents at the nitrogen atom. Reactions of radicals with 
the cyano group are rare.
The combined inductive and mesomeric effects of the 
substituent R- have a major influence on the - C E N  
polarization. Propionitrile shows slightly lower reactivity 
than acetonitrile in various nucleophilic addition reactions, 
as would be expected from the slightly more electron-
releasing inductive effect of the ethyl compared to the 
methyl group. Electron withdrawing substituents, however, 
enhance the nucleophilicity of the nitrile carbon atom and 
the reactivity of the cyanides.
The main purpose of this work is to study the synthesis 
of vicinal dicyano compounds, especially 3,4-dicyano 
derivatives of butadiene sulphone, and the possilbility of 
reacting them with ammonia, aniline, and primary amines in 
order to prepare their corresponding imidines. The latter 
intermediates can be used for the synthesis of tetrazaporphin 
molecules. The ease of eliminating sulphur dioxide from the 
butadienesulphone ring raises the possibility of preparing 
tetrazoporphin carrying unsaturated substituent groups.
1*2 PREPARATION o f n i t r i l e s
Extensive studies of the preparation of nitriles have 
(12 3 4 5)
been made; ' ' ' ' they can be divided into four types
of preparation:
A) Substitution reactions:- The carbon chain of the organic 
starting material is lengthened. This type of reaction 
covers the interaction between metallic cyanides and alkyl 
halides , sulphates, and sulphonates or Grignard reagents with 
cyanogen chloride. Diazonium salts gave, with metallic 
cyanides, aromatic nitriles.
Primary alkyl and benzyl halides, and primary alkylene
dihalides heated with aqueous alcoholic solutions of alkali
cyanide gave the corresponding nitriles in satisfactory yields.
Non aqueous polar solvents (e.g. DMF and DMSO) have been
(6)reported as good media for the reaction. Dry non-polar
solvents afforded high yields when a catalyst was used to
(7)solvate the cation and form "naked" cyanide anion. The
©
reaction involves nucleophilic attack by :C =  N and 
displacement of the halide: It follows the S^2 mechanism .in the
case of primary and secondary halides but S^l in the case of 
reaction with allylie halides. Evidence for this behaviour 
was found in the reaction of 1 ,2-dichlorobutene-3 with 
metallic cyanide to give 1,4-dicyanobutene-2 (eq. 1).
NaCN
C1-CH_-CH-CH=CH0 — -------------J NC-CH~CH=CH-CH0CN (1)Z | z z z
ci
Allylie rearrangement can be minimised by using heavy-metal 
cyanides, (e.g. CuCN) or tetra-alkyl ammonium cyanides. ^  ^^  
Secondary halides give products of both the substitution and
/ 8 )
the dehydrohalogenation reaction, in some cases affording
an almost quantitative amount of the elimination reaction
* 4- (7)product.
18-crown-6NaCN
90%
Vicinal dihaloalkylenes give, upon treatment with cyanides 
polymeric materials which arise from the formation of 
conjugated double bonds, followed by polymerization.
The halogen atom in aromatic rings and 1 ,2-unsaturated
compounds is insufficiently active to give the nitrile when
treated with alkali cyanides, but such halides can often be
converted into nitriles by heating with anhydrous cuprous
cyanide at 150-250°C. Halogens on heterocyclic aromatic
rings can be substituted by treating the corresponding
aryltrimethyl ammonium salts with cyanides in dimethyl
formamide. Acyl and aroyl cyanides are useful synthetic
intermediates, a new procedure which involves converting
aroyl chlorides into aroyl cyanides by potassium cyanide in
(12)
acetonitrile has been reported. Vinyl sulphones are
smoothly converted into a,8-unsaturated nitriles on exposure
to potassium cyanide/dicyclohexyl-18-crown-6 in ref luxing
(13)
t-butyl alcohol. The reaction proceeds with the
reversal of olefin polarization and concomitant carbon- 
carbon bond formation ( equation 4 ).
(14)It has been recently reported that alcohols can be
converted into nitriles in one step by the use of sodium 
cyanide-trimethylsilyl chloride, and a catalytic ammount of 
sodium iodide in dimethyl formamide-acetonitrile.
B ) Addition reactions;-
This covers the addition of hydrogen cyanide to 
unsaturated compounds. Generally, hydrogen cyanide does not 
add to a non-polar double bond under ordinary conditions; 
it acts as a nucleophile and adds, in the presence of base as 
a catalyst, to a polar double bond. Therefore, it adds to 
carbon-oxygen double bonds to form cyanohydrins, or to 
carbon-nitrogen double bonds in some cases, and to
carbon-carbon double bonds adjacent to electron-withdrawing 
groups. For example, succinonitrile can be prepared from 
acrylonitrile and hydrogen cyanide. Addition of hydrogen 
cyanide to unsaturated cycloalkenes gives a mixture of cis- 
and trans-isomers: thus, 3,4,5,6-tetrahydrobenzonitrile 
gives upon treatment with HCN, a mixture of cis- and trans- 
hexahydrophthalonitrile. Hydrogen cyanide can be used as an 
aqueous solution or dry in ether, or as acetone or methyl 
ethyl ketone cyanohydrin. Higher yields in a shorter time 
were achieved when a catalyst (18-crown-6) was used. The 
addition of hydrogen cyanide to a double bond, unlike the 
addition of other acids such as HC1, is nucleophilic and it 
therefore follows anti-Markownikov addition.
C) Elimination' reactions:
Dehydration of amides yields nitriles. Phosphorous 
pentachloride, phosphorous pentoxide, phosphoryl chloride,
(16)phosgene , thionyl chloride, and acetic anhydride have
(3)been used in the dehydration of amides. Catalytic
dehydration has been acomplished at elevated temperature.
For example, adiponitrile can be prepared from adipamide 
by passing the latter in the vapour phase over aluminium 
oxide.
A new method has been achieved in this work; it involves 
the production of 1 ,2-dinitriles from their acid anhydrides. 
Thus, cis- hexahydrophthalic anhydride was vapourised and 
passed, together with ammonia, over aluminium oxide at 400°C 
to give a mixture of cis- and trans-hexahydrophthalonitrile. 
However, this method afforded a low yield and needs further 
studies ( see chapter 5 ).
Another reaction which involves oxidation, ammination,
and dehydration in a one step method has become of
considerable importance in nitrile synthesis. This reaction
(17 18)is known as "Ammoxidation" / and it affords nitriles
from hydrocarbons having methyl groups. The hydrocarbon is
vapourised and passed, together with ammonia and air, over
a fixed bed catalyst of vanadium, tin, or bismuth oxides
supported on alumina or silica. Investigators have come to
the conclusion that the reaction involves formation of the
aldehyde, which in turn, reacts with ammonia, and the
(19)resulting aldimine dehydrogenates to nitrile.
R-CH3 + NH3 + . 02 ----> R-C =  N + H20 (5)
Phthalonitrile and terephthalonitrile are being produced 
by this method from o- and p-xylene.
Acrylonitrile, acetonitrile and hydrogen cyanide are
being produced on a large scale from natural gas, by this
method, simply by passing a mixture of natural gas, ammonia
and air over a catalyst at 400-450°C. The method is known
as "The Acrylonitrile Process". Other elimination
(3)reactions are the dehydration of aldoximes and the
(21)dehydrogenation of primary amines.
D) Nitriles from other nitriles as starting materials:
A carbon chain may be shortened or lengthened according
(3)to the nature of the reaction.
yCE (CN) 2 , .
R-CH — - > RCH=C(CN)9 + CH (CN) 9. . . C6)
nCH(CN)0 z
r 2c - o + ciycN)2  > r 2c = c (c n )2 (7)
1.3 REACTIONS OF NITRILES :
Nitriles are exceedingly versatile reactants that can
be used to prepare amines, amides, amidines, carboxylic acids,
esters, aldehydes, ketones, large ring cyclic ketones,
imines, heterocycles and other compounds which have a range
of applications. Hydrolysis of nitriles under basic or
acidic conditions affords amides and carboxylic acids.
Halogen acids form imidyl halides when treated with nitriles,
while sulphuric and phosphoric acid give crystalline 1:1
(22)
complexes. Reduction of nitriles leads to amines: this
has been an industrial process for producing 1,6-diamino-
hexane ( a principal ingredient in nylon 6,6 ) from a-
diponitrile. Alcohols, in the presence of acid or base
(23)catalyst, react with nitriles to form alkyl imidates.
NH
H 11ROH + R'-CrN — —  > R ,-C-OR (8)
Vicinal dinitriles react with ammonia to form five
membered rings similar to those of the cyclic anhydrides of
(2 4)carboxylic acids in which nitrogen fully replaces oxygen.
It has been reported that 1,3-diiminoisoindoline ClJ is
(25)an excellent precursor of metal phthalocyanines C21 , 
providing for the the first time means of satisfactorily 
applying these extraordinarily fast pigments to fabrics.
H
I
One result of this important discovery is the stimulation 
of interest in the general chemistry of diiminoisoindoline 
and non-benzenoid analogues.
■4NH
+2H
N
NH HN
01
The non-benzenoid analogues can be prepared from open-chain
{2 6)
dinitriles such as succinonitrile and dimethyl
(27)
maleonitrile which with ammonia yield succinimidine
and dimethyl maleimidine respectively. These imidines, 
simarly to 1,3-diiminoisoindoline, can be converted into 
tetrazaporphins with accompanying oxidation-reduction processes 
Under certain conditions, the dihydroimidine, succinimidine 
will condense directly with an unsaturated imidine, e.g. 
phthalimidine, to yield tetrazaporphins in this case 
tribenzotetrazaporphin [3] •
NH
f NH
-H
'=NH
-4NH NH HN
[3]
Some open chain compounds containing the functional
grouping [ 4] have been described and are called ■
(29)diamidides. No account has yet appeared of these
compounds taking part in reactions leading to tetrazaporphins
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CHAPTER II
BUTADIENE SULPHONE DERIVATIVES; THEIR SYNTHESIS AND 
SPECTROSCOPIC STUDIES
2.1 Introduction.
2.2 Preparation of Cyclic Sulphones.
2.3 Reactions of Cyclic Sulphones.
2.4 Experimental.
2.4 A) Starting Materials.
2.4 B) The Cyclic Sulphone Derivatives.
2.4 C) Unsuccessful Reactions.
2. 4 Discussion.
2.6 References.
2.1 INTRODUCTION: (1,2)
Butadiene sulphones [I] or 2,5-dihydrothiophene-l,1- 
dioxides result from the 1,4-cycloaddition of sulphur 
dioxide to acyclic conjugated dienes. The process is a 
Diels-Alder type reaction:-
Cyclic sulphones attracted attention because the sulphur
dioxide-diene adducts were used as a means of separating
pure dienes from a mixture of hydrocarbons ( feasible
because of their very different physical properties ) and
making use of the fact that the SO2 adducts dissociate to the
parent dienes and sulphur dioxide under relatively mild
thermal conditions. Sulphones are sometimes named after
the diene they result from, for example, butadiene sulphone
[ I, R=H] ; isoprene sulphone [ I, R=CH^] and chloroprene
sulphone [I, R=C1] . The name 2,5-dihydrothiophene-l, 1-
dioxide is used by Chemical Abstracts, whilst the name
3-sulpholene appears frequently in the literature. The isomer
2-sulpholene [II, R=H](2,3-dihydrothiophene-l,1-dioxide)
(3)has been prepared from [ I ] .
R R
+
rR
Hydrogenation of [I] or [il] gave the tetrahydrothiophene 
dioxide [ III ] .
R 
O '' "N0 [III]
The structures of butadiene and isoprene sulphones have
(4)been studied by x-ray crystallography and found to be
planar, with the oxygen atoms attached to sulphur being 
orthogonal to the ring plane: therefore they do not participate 
directly in the ring plane electronic character. Bond 
lengths and angles for both compounds are given in Table (1).
TABLE (2-1)
A comparison of bond distances and angles of butadiene 
and isoprene sulphones
Isoprene sulphone Butadiene sulphone
S-0 1. 42 4A° S-0 1.440A°
s-c^ 1. 809 s-c1 1. 795
s-c4 1 . 816 S“ C4 1.792
C1“ C2 1. 491 Cl“C2 1. 475
C2~C3 1.307 C2~C3 1.299
C3“ C4 1.501 C3“ C4 1. 482
C3~C5
1.532 - -
o-s-o 117.6° O-S-O 117. CP
c 1-s-c4 97.5 Cl“S—C4 97.0
O-S-C-l 110.0 0— S— C-j^ 110.3
o-s-c4 109.9 0 -s-c4 110.2
S~Cl“ C2 102.2 S-Cl- C 2 104.2
S—C 4— C3 103. 7 s-c4-c 3 102. 8
C1-C2_C3 120.5 C1“C2“ C3 116.8
C2_C3“C4
C2“ C3“ C5
C4“C3~C5
116.1
126.2
117.6
C2“ C3~C4 119.3
Ultraviolet and infrared . spectroscopy have been used to
(5investigate the structures of some butadiene sulphones. ' 
J. A. Elvidge studied the nmr spectra of some
derivatives.
2.2 PREPARATION OF CYCLIC SULPHONES:
It is apparent that this synthesis is closely related
to the reaction of dienes with maleic anhydride. One of
the reaction paths proposed for the classical diene synthesis
involves attack of an electron deficient centre on the
polarized diene, and an analogous mechanism has been suggested
(9)for the sulphur dioxide reaction.
It has been found that sulphur dioxide is significantly less
at different temperatures, and various reactant ratios, all 
of which features significantly affect the rate of reaction 
together with the pressure, the diene structure and reaction 
time. With reactive dienes, high yields of sulphones were 
obtained either by allowing the reaction to proceed slowly 
at room temperature; or in a shorter time at higher temperature. 
The tendency for copolymerisation, rather than cycloaddition 
(to form a mono-adducjt} , is much greater in this reaction than 
in the case of diene-maleic anhydride additions. It was 
found that copolymerisation of sulphur dioxide and an olefin 
to polysulphone polymers W as catalysed by free radical
generating agents and that small amounts of phenolic type 
antioxidants, such as pyrogallol, pyrocatechol and hydro- 
quinone, were effective inhibitors for minimising poly­
sulphone formation.
O '' *0 0 '  *0
reactive than maleic anhydride in a variety of solvents, (2)
There have been no reported instances of failure to
achieve cycloaddition with sulphur dioxide using butadiene
with mono substituents in the 2-position, but the nature of
the substituents has great influence on the yield, depending
on their electron releasing or withdrawing character and
their steric effects. Thus, butadiene, isoprene, and
chloroprene gave the respective butadiene sulphones (when
reacted with sulphur dioxide under relatively similar
12)conditions) in 100%, 90%, and 55% yield. 2,3-Di-t-
buty1-1,3-butadiene does not react with sulphur dioxide or
maleic anhydride due to the steric effect of the t-butyl
group. a  generally accepted requirement in classical
Diels-Alder reactions is that a cisoid conformation of the
(12)diene be attained for cycloaddition to occur. This
requirement seems to be operative in the cyclic sulphones 
synthesis.
cisoid transoid
Crystalline sulphones have been prepared from 2,3-disub- 
stituted butadienes where the substituents are dimethyl, 
methyl phenyl, methyl chloro, di-p-tolyl, and diphenyl.
cis- or trans-l-Phenylbutadiene does not react with 
sulphur dioxide, whilst trans-1-(p-nitrophenyl)butadiene 
gave the corresponding sulphone. The failure of the former 
diene to react with SC^ was explained as being due to the induced 
double bond character between the central carbon atoms
which hindered the formation of the cisoid structure (13)
Cyclopentadiene and 1,3-cyclohexadiene do not react with 
sulphur dioxide. This has been explained as being due to the 
strain in the bicyclic ring systems of the hypothetical 
sulphones.
Support comes from the observation that thiophene-1,1-
dioxide dimerises to give 8,9-dihydrobenzo.thiophene-1,1- 
(3)dioxide
I I
0 0
_ so2 J
0"' "0
1,3-Cycloheptadiene gave the sulphone in high yield on
(14)reaction with sulphur dioxide at room temperature.
1-Vinyl cycloalkenes have been reported to give good yields
of the cyclic sulphone (15) products.
» T T \ .(cj i so (CHj).
s
0 *  * 0
n =3, 4,5
2.3 REACTIONS OF CYCLIC SULPHONES:
Butadiene sulphone [i] and its isomer [ll] have
been used as starting materials for further synthesis.^
Isomer [II] was prepared from butadiene sulphone in an
alkaline or sodium cyanide s o l u t i o n . ^ G u n d e r m a n n  and
(17)Holtmann isomerised 3-alkylthio-2,3-dihydrothiophene
dioxide to 3-alkylthio-2,5-dihydrothiophene dioxide.
n |-SR E h  N- - - - - - - - - ---_/SRI J OHSO I J
O ' '  *0 o ' "  "s0
Bromine adds to the double bond in butadiene sulphone to
(18)
give 3,4-dibromo-(in CCl^) or 3-hydroxy-4-bromotetrahydro-
(19)thiophene dioxide (in acetic acid and water) . Although
the halogenation of the double bond gives the trans-dihalide,
chlorine adds to the butadiene sulphone to give a mixture
of cis- and trans-dichlorides. Hydrogen bromide and
chloride failed to add to either isomers [i]or [ll], but they
(21)added to the methyl substituted homologues.
Allylie bromination of isoprene sulphone [I, R=CH^J
(6)gave, as was expected, a mixture of brominated compounds.
Dilute aqueous permanganate converts the sulphone
(18)[I, R=H] into the cis-diol derivative. Hydrogen cyanide 
failed to add to butadiene-and isoprene-sulphone under 
basic and acidic conditions, but it added to 2,3-dihydro­
thiophene dioxide to give 3-cyanotetrahydrothiophene 
(2 2)dioxide. An attempt to add hydrogen cyanide to butadiene
sulphone, in this work, using acetone cyanohydrin, sodium
(23)cyanide and the powerful catalyst 18-crown-6 was
unsuccessful whilst a good yield was obtained with 2,3- 
dihydrothiophene-1,1-dioxide. 3-Bromo and 3-dimethylamino-
2 ,3-dihydrothiophene-1 ,1-dioxide gave polymeric materials 
when treated with hydrogen cyanide in the presence of sodium 
cyanide. Chloroprene sulphone and 3-dimethylamino-2.5- 
dihydrothiophene dioxide failed to react with hydrogen 
cyanide in this work.
Alcohols, amines, thiols, and hydrazines add to butadiene
sulphone and its isomers [ II ] to give the corresponding
3-substituted tetrahydrothiophene d i o x i d e . ^  N-Bromo-
succinimide adds to butadiene sulphone to give 3-bromo-4-
(24)
succinimidotetrahydrothiophene-1 ,1-dioxide.
Malonic and cyanoacetic esters, benzyl cyanide, aceto-
phenone, and nitroparaffins have been reported to add to the
f 22 h ]
sulphones [I] and [ll] in the presence of strong bases. ' 
These reactions are Michael additions and they give the 
3-substituted tetrahydrothiophene-1,1-dioxide.
Substitution reactions of tetrahydrothiophene dioxide
^22 \
have been reported. 3-Iodo-2,3-dihydrothiophene dioxide
was prepared from its 3-bromo-homologue by reacting the
(21)latter with sodium iodide in dry acetone. Bromo and
chloro derivatives were prepared by treating the hydroxy 
groups with phosphorous tribromide or trichloride. 3-Cyano- 
tetrahydrothiophene dioxide was prepared from the 3-tosyloxy 
derivative and sodium cyanide. (22 a) However, the 3y 4-ditosyloxy 
derivative, in this work, gave only polymeric materails with 
sodium cyanide; and so did 3,4-dibromotetrahydrothiophene-l, 1-
dioxide. 3-Hydroxy-4-bromotetrahydrothiophen-1,1-
dioxide gave, also in this work, with sodium cyanide the
elimination product, 3-hydroxy-2,3-dihydrothiophene-1 ,1-
dioxide, while allylie cyanation of 3-bromo-2,3-dihydro-
thiophene-1,1-dioxide with copper (I) cyanide in dimethyl-
(5)formamide was unsuccessful. Krug and Yen reported that
3-cyano-4-methyl-2 ,5-dihydrothiophene-l,1-dioxide was 
prepared from 3-bromomethy1-2,5-dihydrothiophene-l,1-dioxide 
and potassium cyanide in aqueous methanol via an allylie 
rearrangement. This reaction was repeated in this work and 
the product was found to be 3-cyanomethyl-2,5-dihydrothiophene
1,1-dioxide and not what had been thought. The structure 
was confirmed by ^H nmr. Reation of 3-bromomethy1-2,5- 
dihydrothiophene-l, 1-dioxide with sodium cyanide using the 
catalyst 18-crown-6, which minimises the allylie rearrangement 
gave the same result in this work.
Reaction of dimethylamine in benzene with 3,4-dibromo-
tetrahydrothiophene-1 ,1 -dioxide gave the corresponding
(3)3.4-bis(dimethylamino)tetrahydrothiophene dioxide.
Dimethylamine with 3-bromo-2,3-dihydrothiophene-1,1-dioxide
gave the same result. Methyl iodide was treated with the
bis(dimethylamino)derivative to form the monomethiodide salt,
which reacted with silver oxide to give 3-dimethylamino-2,3-
(3)dihydrothiophene-1,1-dioxide. The monomethiodide salt
underwent an elimination reaction when treated with tetra­
ethyl ammonium cyanide ( in this work ) in an attempt to 
introduce the cyano group on the ring, and gave 3-dimethyl- 
amino-2,3-dihydrothiophene-1,1-dioxide. 3-Dimethylamino-
2 .5-dihydrothiophene-l,1-dioxide was prepared, but it failed 
to react with methyl iodide in absolute ethanol or in an
excess amraount of methyl iodide as a solvent.
The action of methanolic sodium methoxide on 3,4- 
dibromotetrahydrothiophene-1,1-dioxide afforded 3-methoxy-
4,5-dihydrothiophene-l,1-dioxide which gave, upon hydrolysis,
The 3-oxo derivative was prepared in this work in one step 
from the dibromo derivative. Similarly prepared was
3-oxo-4-methyltetrahydrothiophene dioxide. The latter 
compound was treated with hydrogen cyanide, followed by 
dehyration to give 3-cyano-4-methyl-4,5-dihydrothiophene 
dioxide.
(7)
3-oxotetrahydrothiophene-1,1-dioxide.
B
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2.4 EXPERIMENTAL
2.4A) The Starting Materials
Butadiene sulphone and isoprene were supplied by Aldrich
Chemical Company Ltd., liquid sulphur dioxide and hydroquinone
were supplied by BDH (British Drug Houses), chloroprene was
distilled under nitrogen from a 50% solution in xylene and
the fresh distillate (b.p. 69°C) was used. 2,3-Dimethyl-1,3-
butadiene, acetone cyanohydrin, hydrogen cyanide
(2 8)
and ethyl ammonium cyanide were prepared in this work
as follows:-
2 ,3-Dimethyl- 1 , 3 -butadiene
(2 9)i) Pinacol was prepared according to the literature
except that the mercuric chloride in acetone was added to
magnesium turnings in boiling benzene and when the reaction was
over, the solution was concentrated to one half its original
volume. The water was removed azeotropically from the
pinacol hydrate. Fractional distillation of the residue
afforded a 40-46% yield, b.p. 168-173°C; v 3440, 2980,J r max ' '
1470, 1375, 1160> 1115, 953, 895, and 830 cnf1 ; 6 (CDC13)
1.18 (12H, s, 4 x -CH3) and 3.38 (2H, s, 2 x OH) .
ii) Pinacol was dehydrated over aluminium oxide at elevated 
temperature. A fixed bed reactor was assembled, in this
(25)work, according to the method described by Allen and Bell,
a) The reactor:-
The fixed bed type reactor (Fig. 2.1) consists of a 
Pyrex tube (90 x 3 cm) filled in the middle 70 cm length 
with aluminium oxide granules 8— 16 mesh, and for ( 20 cm) at 
the ends (2 x 10 cm) with Pyrex beads. The whole tube was
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inserted horizontally in an electric furnace capable of
maintaining a temperature between 400 and 500°C (The furnace
was made by wrapping a Nicrom wire of gauge 18 around a
silica tube); the temperature was measured by a thermocouple
placed alongside the tube in the furnace. The outlet of
the tube was connected, through a Pyrex coil condensor, a
3
series of three (500 cm ) cylindrical traps and a manometer, 
to a water suction pump. The inlet of the reactor was 
connected, through a ball joint, to a Claisen flask.
b) The experiment
The reactor was filled with aluminium oxide (360g, free 
volume 360 cm2) and heated to 440°C. A stream of air was 
bubbled (2.32 cm /sec) over the pinacol (140g, 1.186m) which 
was distilled through the hot tube under reduced pressure 
(60mm fig) over 30 minutes. The product was collected in the 
ice-cooled traps. The organic layer was fractionally 
distilled, b.p. 68-70°C. The contact time was 0.56 sec. 
and the yield was 63-77g, (65-80%); m/sz 82 (M+) (82) ,
67 (M - CH3) + (44), 54 (M - C2 H 4) + (42), B 41 (100) and 
39 (97); 6 (CDC13) 1.91 (6H, s, 2 x CH3) , and 4.98 (4H, d,
2 x CH2 , J = 7.61 Hz).
iii) Acetone cyanohydrin, was prepared according to the
literature, (26) b.p. 78-79°C/15mm; v 3440, 2995,* max '
2940, 2238, 1460, 1370, 1187, 1140, 972, 873, and 692 cm”1.
ivj Tetraethylammonium cyanide
This was prepared according to the method described by
(28)Simchen et al., from the reaction between potassium
cyanide and tetraethy.lammoniumtetrafluoroborate. The 
yield was 94%, m.p. 242-243°C.
v) Hydrogen cyanide
A new apparatus (Fig. 2.2) for continous production of
dry hydrogen cyanide in the laboratory has been developed
in this work, from the batchwise production apparatus
(27)described by Zeigler. It consists of a three necked
round-bottom flask connected at the bottom to a tap, 
the two side necks are small, one of which is fitted with 
a nitrogen bubling tube extending to the bottom of the flask, 
while the other is fitted with an outlet tube which is
connected to a mercury safety vent and an inclined tube 1 0mm
\
diameter and 50 cm long. The last tube was connected, 
through a polythene tube, to a dry calcium chloride tube 
and then to an efficient coil condenser. The middle neck 
in the flask is wide and is fitted with a cone shaped funnel 
ending in a tube shaped like a U. The cone has two holes 
about 2 cm above the end of the bent tube. The cone has 
three necks at the top; one is fitted with a nitrogen 
bubbling tube and goes inside the cone, the other two necks 
are connected to two separating funnels containing sulphuric 
acid and sodium cyanide solutions respectively. In a typical 
experiment one of the funnels was filled with 40% sodium
3
cyanide solution (500 cm ) and the other was filled with
3
32% sulphuric acid (1300 cm ); the two solutions were added, 
dropwise, into the cone, then the hydrogen cyanide 
passed through the calcium chloride condenser and 
was collected in a trap cooled in an ice-salt mixture.
The yield was 88-93%.
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vi) 2,3-Dicyano-l,3-butadiene
This was prepared in a multistep synthesis from 
biacetyl ( chapter IV ) .
2.4B) The Cyclic Sulphones
i) 3-Methyl-2 ,5-dihydrothiophene-l, 1-dioxide (30,31)
This was preapred from isoprene and sulphur dioxide to 
give a 75-80% yield, m.p. 65°C; m/z 132 (M+) (9), B 6 8
(M - S02 )+ (100), 64 (S02 )+ (5), 41 ( C ^ ) *  (50), 40 (C3H 4> +
(60), 39 (C,H,)+ (85), and 2 7 (47%); v 3070, 1655, 1420,o >3 max
1325, 1270, 1160, 1120, 1040, 934, 902, 795, 620 and 550 cm” 1; 
6 (CDCl^) 1.86 (3H, s, CH^), 3.70 (4H, m, 2 x CH2 SO2 ) , and
5.74 (1H, m, CH=).
ii) 3,4-Dimethy1-2,5-dihydrothiophene-l ,1-dioxide w as
prepared similaily to (i) in a 73-77% yield, had m.p. 137°C
( Found: C, 49.6; H, 7.1. requires C, 49.3; H,
6.9%); m/z 146 (M+) (34), B 82 (M - S02)+ (100), 81 (11),
67 (94), 54 (35), 39 (49) and 27 (14%); V , . 1405,
max (Nugol)
1295, 1267, 1180, 1113, 827, 730, 565, and 485 cm”1 ;
6 (CDC13) 1.78 (6H, s, 2 x CH3) and 3.72 (4H, s, 2 x CH2 S02) .
iii) 3-Chloro-2,5-dihydrothiophene-l,1-dioxide
3
Chloroprene (9.23 cm , 8.85g, 0.1m), hydroquinone (0.4g),
3 3methanol (9 cm ) and sulphur dioxide (15 cm , 21.4g, 0.3m)
were sealed in a thick glass bulb and left at room temperature
for 2 7 days. The solvent and excess sulphur dioxide were
evaporated and the residue was recrystallised from ethanol
(charcoal) to give white crystals, m.p. 100-101°C. The
yield was 5.5g (36%) ( Found: C, 31.6; H, 3.2. C^H^CK^S
requires C, 31.5; H, 3.3%); m/z 152 (M+) (3), B 88 (M - S02)
(100) , 64 (S02)+ (3) , 53 (M - S02 - Cl)+ (78) , 52 (14) ,
51 (20), 39 (6) and 27 (3%), \>max (Nujol) 3090, 2860, 1610, 
1415, 1305, 1255, 1238, 1132, 1045, 895, 770, 745, and
600 cm”1; 6 (CDC13) 3.91 (4H, s, 2 x -CH2S02) and 6.10
(1H, m, -CH=C).
(1
iv) 3,4-Dibromotetrahydrothiophene-l ,1-dioxide
This was prepared from butadiene sulphone and bromine
in refluxing carbon tetrachloride. The yield was 9 7%,
m.p. 141-142°C ( Found: C, 17.2; H, 2.2. C.H^Bro0oS4 b 2 2
requires C, 17.3; H, 2.2%); m/z 276 (M+) (2), 135 (86),
133 (M - S02 - Br)+ (87) , 53 (21) , B 52 (M - S02 - 2Br)+
(100), 41 (24), 39 (24) and 27 (49%); v 3018, 2983, 2955,max
1410, 1312, 1290, 1145, 1115, 905, 835, and 700 cm"1 ;
6 (CDC13) 3.52 - 4.02 (4H, m, 2 x CH2S02 ) and 4.78 (2H, 
m, 2 x -CHBr).
v) Similarly, 3,4-dibromo-3-methyltetrahydrothiophene- l ,1- 
dioxide was prepared. The yield was 72-85%, m.p. 127°C
( Found: C, 20.7; H, 2.7; 0, 11.0. C3HgBr202S requires
C, 20.7; H, 2.8; 0, 11.0%);'m/z 289 (M - 1)+ (1), 225
(M - 1 - S02)+ (4), 211 (M - Br)+ (43), 146 (M - Br - S02) +
(47), 132 (M - 2Br)+ (37), B 68 (M - 2Br - S02)+ (100),
52 (16), 41 (72), and 27 (12); v . 3000, 2930,max (KBr disc) ' 9
1400, 1305, 1235, 1135, 913, 845, and 775 cm”1; 6 (CDC13)
2.16 (3H, s , CH3), 3.73 (2H, S, CBr(Me)CH2S02), 3.94 (2H, 
m, CBrCH2S02) and 4.94 (1H, m, CHBr).
vi) Cis-3,4-Dihydroxytetrahydrothiophene-l,1-dioxide
(18)This was prepared according to the literature
except that hyflosupercel filter aid was used for the
filtration, and a new continous liquid-liquid extraction
(32)
apparatus was made (Fig. 2.3) and used for the
separation of the product. The yield was 32.9%, m.p. 130-1°C 
( Found: C, 31.8; H, 5.2. C^HgO^S requires C, 31.6; H, 5.3%); 
m/z 153 (M + 1) (6), 109 (49), 65 (29), 63 (54), 45 (86),
44 (91), B 29 (100) and 27 (89%); vmax (Nujol) 3420, 3055, 
1310, 1270, 1175, 1085, 1015, 935 cm”1; 6 (dr-DMS0) 3.2
D
(4H, m, 2 x CH2S02), 4.28 (2H, m, 2 x -OCH) and 5.55 (2H,
d, 2 x -OH, J = 4.95 Hz).
(19)vii) 3-Hydroxy-4-bromotetrahydrothiophene-l ,1-dioxide
This was prepared from butadiene sulphone and bromine 
in aqueous acetic acid. The reaction gave 53% of 3,4-dibromo 
derivative and 30.7% 3-hydroxy-4-bromo derivative, m.p. 193°C; 
m/z 215 (M + 1)+ (1) , 150 (M - S02)+ (1) , 135 (M - Br)+ (20) , 
117 (M - Br - H20)+ (4), 108 (24), 71 (M - S02 - Br)+ (44) ,
55 (24), 53 (C4H5)+ (39), B 43 (100), 42 (48), 39 (57), and
28 (20%); V 3450, 3010, 2960, 2940, 1418, 1395, 1300,max
1195, 1145, 1115, 1060, 1012, 922, 850, 830, and 628 cm” 1
viii) Cis-3,4-Ditosyloxytetrahydrothiophene-l,1-dioxide
(33)This compound was prepared according to the literature 
except that the product solidified in the water and was 
filtered off and recrystalized from ethanol. The yield was 
67.8% (Lit. 41%), m.p. 167°C ( Found: C, 47.0; H, 4.6.
C18H20°8S3 reSuires c ' 47-°'* H ' 4-3%>; Vmax(KBr) 3070'
3020, 2970, 1600, 1445, 1335, 1230, 1143, 1095, 1030, 928,
855, 810, and 780 cm”1 ; 6 (CDgCOCDg) 2.40 (6H, s, 2 x CHg),
aqueous layer
Figure 2.
solvent
(chloroform)
3 Apparatus for the continuous liquid-liquid 
extraction using solvents denser than water 
(e.g. chloroform).
3.55 (4H, m, 2 x CH2SC>2) , 5.38 (2H, m, 2 x CHOSC>2) and 
7.40-7.80 (8H, m, 2 x -C6H 4~_.
ix) 3-Tosyloxy-2,3-dihydrothiophene-1,1-dioxide
This compound was prepared from 3-hydroxy-4-bromotetra-
hydrothiophene-1,1-dioxide. The same procedure as in (viii)
was followed. The yield was 31.3%. m.p. 137-138°C; v »J * 9 max (KBr)
3100, 2960, 1600, 1340, 1305, 1180, 1150, 1090, 970, 953,
868, 853, 793, and 743 cm” 1; 6 (CDC13) 2.48 (3H, s, CH3) 3.39 
(2H, m, CH2S02) , 5.68 (1H, m, =C-CH-0), 6.74 (2H, m, -CH=CHS02)
7.36 (2H, d, J = 8.19 Hz) and 7.85 (2H, d, J = 8.49 Hz).
x) cis-3,4-Dimesyloxytetrahydrothiophene-l,1-dioxide
This was prepared from the cis- 3 ,4-diol and methyl sulphonyl
chloride following the method in (viii). The yield was 33%
m.p. 210-214°C; v ... . ... 3080, 1360, 1325, 1180, 1165,max \ in U3 o .l j
1033, 925, and 803 cm” 1; 6 ((CD^CO) 3.3 (6H, s, 2 x CH3S02“) , 
3.71 (4H, m, 2 x CH2S02) and 5.73 (2H, m, 2 x CH0S02 ).
xi) 3-Bromomethyl-2,5-dihydrothiophene-l,1-dioxide
(6)a) This was prepared according to the literature. The 
yield was 38.5%, m.p. 85-87°C; m/z^ 210 (M+) (14), 146
(M - S02)+ (42), 131 (M - Br)+ (10), B 67 (M - Br - S02)+
(100), 64 (S02 ) + , 53 (C4H5 )+ (15), 45 (18) and 42 (C3H6)+ ;
^ ~ tvD \ 3025, 3000, 2940, 1640, 1400, 1335, 1245, 1222,
IRclX (Jx-blTJ
1167, 1147, 1000, 915, 795, and 610 cm 1 ; 6 (CDC13) .3.88 
(4H, s, 2 x CH2S02) , 4.02 (2H, s, CH2Br) and 6.09 (1H, m,
-CH=). GC-mass spectra of the filtrate ( after isolating the 
product ) showed many brominated compounds.
b) 3-Methy1-2,5-dihydrothiophene-l,1-dioxide (6.9g, 0.052m),
(34)1,3-dibromo-5,5-dimethylhydantoin (8g, 0.02 7m) and
benzoyl peroxide (1.5g, 0.006m) were stirred in boiling carbon 
tetrachloride for 3 hours, then the mixture was cooled to 
room temperature and 5 ,5-dimethylhydantoin was filtered off.
The filtrate was extracted with dilute hydrochloric acid
3
(3 x 15 cm ) and dried over Na2S04. Solvent was evaporated
3
to dryness and the residue was mixed with ethanol (15 cm ) 
and kept in the refridgerator for two weeks. The product 
precipitated and was filtered off. Three recrystalizations 
from ethanol gave (2.7g) 24.5%, m.p. 85-87°C.
(35)xii) 3,4-Bis(bromomethyl)-2,5-dihydrothiophene-l,1-dioxide
This was prepared from the 3,4-dimethyl derivative and 
N-bromosuccinimide similarly to (xia). The yield was 50%, 
m.p. 125-126°C ( Found: C, 24.0; H, 2.7. C g H g B r ^ S
requires C, 23.7; H, 2.6%); m/z 302 (M+) (24), B 223 (M - Br)+
(100), 161 (96), 159 (M - Br - S02)+ (96), 144 (20), 143
(M - 2 Br)+ (42) , 123 (48) , 95 (56) , 81 (64) , 80 (M - 2Br -
S02)+ (60), 79 (85), 69 (32), 53 (96), 52 (98), 41 (35),
39 (94) and 27 (76%); v m&x (Nujol) 16 40 (w) , 1315, 1303,
1250, 1200, 1130, 1090 and 818 cm”1; 6 (CDC13) 4.01 (4H, 
s ,  2 x CH2S02) , and 4.07 (4H, s ,  2 x -CH2Br) .
(3)xiii) 2 ,3-Dihydrothiophene-l,1-dioxide
It was preapred from butadiene sulphone in 0.5N 
potassium hydroxide solution. The yield was 47.6%/ 
m.p. 47-49°C; 6 (CDCl^ 3.11 (2H, m, - CH2 - C=), 3.27
(3)
xiv) 3-Bromo-2 ,3-dihydrothiophene-1,1-dioxide
Pyridine was used as a base to dehydrobrominate 3,4-
dibromotetrahydrothiophene-1,1-dioxide. The yield was
64.8%, m.p. 63-64°C; m/z 198 (M + 2)+ (5), 196 (M+) (5),
134 (18) , 132 (M - S02 )+ (20) , 117 (M - Br)+ (63) , 99 (10) ,
89 (30), B 53 (M - S02 - Br)+ (100), 51 (23), 39 (15), and
27 (62%); v . ,, 3090, 1605, 1318, 1293, 1140, 1108,' max(Nujol) / / / / / /
885, and 764 cm”1; 6 (CDC13) 3.69 (2H, m, CH2S02) , 5.10 
(1H, m, -CHBr) and 6.78 (2H, m, -CH=CHS02).
(21)xv) 3-Br omo- 4-methy1-2,3-dihydrothiophene-1,1-dioxide
It was prepared similarly to (xiv) from the 3,4-dibromo-
4-methyl derivative. The yield was 83.2%, m.p. 73-74°C; 
m/z 210 (M+) (10), 148 (18), 146 (M - S02)+ (20), 131
(M - Br)+ (72), 103 (39), 67 (M - S02 - Br)+ (57), 65. (27),
53 (14), B 41 (100), 28 (25%); ^max(Uujol) 3090, 1628,
1303, 1228, 1145, 915, and 790 cm”1; 6 (CDC13) 2.14 (3H, s ,  
-CH3) , 3.72 (2H, m, -CH2S02) , 4.95 (1H, d - CHBr, J = 5.66 Hz) 
and 6.52 (1H, s, =CHS02).
xvi) 3-Hydroxy-2 ,3-dihydrothiophene-1,1-dioxide
3-Hydroxy-4-bromotetrahydrothiophene dioxide (2.15g, 
0.01m) was added, in portions, to a stirred solution Of 20% 
trimethylamine in benzene (70 cm^) at 0-10°C, and then the 
solution was left at room temperature overnight. Trimethyl- 
ammonium bromide was filtered off (1.5g, 100%) and the 
filtrate was evaporated under reduced pressure to dryness 
to leave a yellowish oil which failed to crystalize (l.lg),
39 (20) and 27 (17%); v .. 3450, 3080, 2980, 1600,max(Neat) ' ' ' '
1405, 1290, 1140, 1090, 1025, and 888 cm”1; <5 (CDC13) 3.02-
3.75 (3H, c, -0CH-CH2S02 ) , 5.12 (1H, s, b, OH) and 6.73 
(2H, m, -CH=CHS02).
xvii) 3,4-Bis(dimethylamino)tetrahydrothiophene-1,1-dioxide
This was prepared from 3,4-dibromotetrahydrothiophene-
1,1-dioxide and an excess (10 x) of dimethylamine. The 
yield was 92.46%, m.p. 65°C ( Found: C, 46.6; H, 8.7; N,
13.5. CgH1gN202S requires C, 46.6; H, 8.7; N, 13.6%); m/z 
207 (JM + 1)+ (1), 189 (4), 161 (M - (CH3)2NH) + (12), 142
(M - S02)+ (19), 134 (5), 119 (3), 97 (M - ( C H ^ N H  - S02) +
(29), 84 (20), 82 (50), B 71 (100), 56 (91), 44 (68), 43
(84), 42 (68), 28 (42), and 27 (40%); ^max^ u^ol) 2780, 1460,
1320, 1293, 12 40, 1132, 1110, 1070, 1050 and 800 cm”1 ;
6 (CDC13) 2.25 (12H, s, 4 x -CH3), 3.16 (4H, m, 2 x -CH2S02)
and 3.52 (2H, m, 2 x -CHN ). The ^  nmr spectrum showed
that the product contained 3% of 3-dimethylamino-2 r3-
dihydrothiophene- 1,1-dioxide.
xviii) 3,4-Bis(dimethylamino)tetrahydrothiophene dioxide.
(3)Mon omethi odi de
This compound was prepared by adding methyl iodide to
the bis(dimethylamino)derivative to give a 91.6% yield;
m.p. 158.5°C ( Found: C, 31.1; H, 6.0; N, 8.0. C g H ^ I N ^ S
requires C, 31.0; H, 6.0; N, 8.0%); v 3095, 3023,^ max(Nu3ol) ' 7
1425, 1315, 1258, 1160, 1130, 1045, 780 amd 735 cm” 1.
(3)xix) 3-Dimethylamino-2 7 3-dihydrothi ophene-1,1-di oxi de
Trimethylammoniurn iodide was eliminated by the action of 
silver oxide on compound (xviii), to give a 92% yield,
m.p. 64-65°C ( Found: C, 44.6; H, 6.8; N, 8.6. CgH-^NO^
requires C, 44.7; H, 6.8; N, 8.7%); m/z 161 (M+) (36) , 9 7 /
(M - S02 )+ (64) , B 82 (M - SC>2 - CH3)+ (100) , 71 (M - S02 - 
0oHo)+ (60), 56 (42), 53 (22), 44 (40) and 27 (26%);
Z Z IUciX
2795, 1610, 1290, 1140, 1105, and 1042 cm”1; 6 (CDC13) 2.28 
(6H, s, 2 x CH3) , 3.21 (2H, d, -CH2S02 , J = 6.15 Hz), 4.32 
(1H, t, -CH-N , J = 6.15 Hz) and 6.70 (2H, s, -CH=CH-S02).
jxx) 3-Dimethylamino- 2 ,5-dihydrothiophene-1,1-dioxide
3
A 20% dimethylamine solution in benzene (40 cm ) was
added^ dropwise, at room temperature to 3-chloro-2,5-
dihydrothiophene-l, 1-dioxide (7. 6g, 0.05m) in dry acetone 
3
(30 cm ) and the mixture was stirred at room temperature
overnight. Insoluble material was filtered, and the filtrate
was evaporated under reduced pressure to dryness. The
residue was recrystallised from ethanol (charcoal) to yield
6.5g (80.74%), m.p. 177-178°C ( Found: C, 44.7; H, 6.8;
N, 8.6. C6H i:lN02S requires C, 44.7; H, 6.8; N, 8.7%);
m/z 161 (M+) (83), 96 (M - H - S02)+ (54), 82 (M - S02- CHg) +
(14), 70 (M - S02 - C2H 3)+ (17), B 69 (M - S02 - C ^ ) +
(100), 68 (M - S02 - C2H5)+ (43), 56 (27) , 42 (56), and
28 (24%); v ... . '3095, 1590, 1430, 1270, 1240, 1215,max(Nujol) 7 7 7 7 7
1095, 910, 839, and 695 cm” 1; 6 (CDClg) 2.89 (2H, m, =C-CH2S02)
I
2.90 (6H, s, 2 x CH3), 3.77 (2H, m, =C-CH2S02 , and 5.09 
(1H, s, =CH) .
(7)xxi) 4-M e t h o x y 2,3-dihydrothiophene-1,1-dioxide
This was prepared from 3, 4-dibromotetrahydrothiophene-
1,1-dioxide and alcoholic sodium hydroxide according to 
the literature except that the product was extracted with
hot chloroform. Removal of the solvent afforded a 71.3%
yield, m.p. 133-134°C (from ethanol) ( Found: C, 40.7;
H, 5.4. C^HgO^S requires C, 40.5; H, 5.4%); m/z B 148 (M+)
(100), 119 (M - C2H5)+ (67), 99 (22), 69 (M - S02 - CHg)+
(13), 56 (M -  S02 - C2H 4)+ (6), 43 (M - S02 - CgHg) + (13),
41 (30), 39 (63) and 27 (37%) ; vma:X:(Nujol) 3090' 3015'
1618, 1353, 1270, 1105, and 905 cm"1; 6 (CDC10) 2.87 (2H,
0 J
m, -CH2-C=), 3.42 (2H, m, -CH2S02) , 3.70 (3H, s, -OCHg) and 
5.7 (1H, s, =CH-S02 ).
xxii) 3-Oxotet rahydrothiophene-1,1-dioxide
a) 4-Methoxy-2,3-dihydrothiophene-l,1-dioxide was hydrolysed^
by boiling in 18% HC1 for half an hour. The yield was 83.3%,
m.p. 65-66°C (lit. 62°C); m/z 134 (M+ ), 116 (M - Ho0)+ , 74
0 2
(M - C2H 40)T 70 (M - S02)T B 52 (CH2C-CH3)+ , 42, 41, and 
28 (C2H 4)+ ; Vmax(Nujol) 3021, 3010, 1750, 1395, 1300, 1240, 
1200, 1150, 1085, 1065, 970, 915, 895, 817, and 680 cm 1.
The 2,4-dinitrophenylhydrazone derivative had m.p. 206-208°C 
( Found: C, 38.5; H, 3.2; N, 17.8. cioH 1 0N 4° 6 S requires 
C, 38.2; H, 3.2; N, 17.8%).
b) 3,4-Dibromotetrahydrothiophene-l,1-dioxide (150g, 0.5 4m) 
was added, in portions, to warm 10% methanolic sodium
3
hydroxide (2000 cm ) . Then heating was continued over the 
steam bath for 1 hour. The solution was then made acidic 
with concentrated HC1 and boiled for a further 2 hours. 
Inorganic salt was filtered off and the filtrate was 
concentrated to one third of original volume and then was 
extracted with hot chloroform. The extracts were combined 
and dried (Na2S04) . The solvent was removed and the residue
was fractionally distilled to give a yield of 41g (56.6%),
b.p, 140-142°C/0.14mm. The product was oily and solidified 
slowly at room temperature. It was similar to an authentic 
sample except that the ir spectrum showed an absorption at 
3610 cm 1 which disappeared as the compound solidified.
xxiii) 3-0X0-4-methyltetrahydrothiophene-1,1-dioxide
This was prepared from 3,4-dibromo-4-methyltetrahydro­
thiophene- 1 , 1-dioxide , similarly to (xxiib). The yield 
was 70.7%, m.p. 85-87°C ( Found: C, 40.7; H, 5.5. Cg H g O ^
requires C, 40.5; H, 5.4%); m/z 148 (M+) (24), 106 (M -
CH2C0)+ (5), 90 (3), 69 (M - S02 - CHg)+ (7), 56 (36), 43
(23), B 42 (100), 41 (71), 39 (90), and 2 7 (18%); v ... .' max (Nuj ol)
1745, 1320, 1290, 1250, 1145, 1055, and 812 cm"1; 6 (CDClg)
1.37 (3H, d, CH3 , J = 6.73 Hz), 3.00-3.58 (3H, m, -C-CH2S02) 
and 3.74 (2H, s, -C0-CH2S02 ). The 2,4-dinitrophenylhydrazone 
derivative had m.p. 19 8-200°C ( Found: C, 40.5; H, 3.9;
N, 16.8. ciiH i2N 4°6S squires C, 40.2; H, 3.7; N, 17.0%).
xxiv) 3-Cyanotetrahydrothiophene-l,1-dioxide
2,3-Dihydrothiophene-l,1-dioxide (5g, 0.042m),
3
potassium cyanide (3.25g, 0.05m) , acetone cyanohydrin (5.1cm ,
5.1g, 0.06m), and 18-crown-6 (ca. O.lg) were stirred in
3refluxing acetonitrile (25 cm ) for 3 hours and then the 
mixture was cooled to room temperature and insoluble material 
was filtered off. The filtrate was acidified with glacial
3
acetic acid (2 cm ), the solvent was evaporated, under 
reduced pressure, to dryness and the residue was recrystallised 
from ethanol (charcoal) to give 3.4g (55.8%), m.p. 118°C 
( Found: C, 41.4; H, 4.9; N, 9.5. CgH^IsK^S requires C, 41.4;
80 (23), B 54 (M - S02 - HCN) + (100), 52 (44), 41 ( C ^ ) *
and (C2H3N)+ (46), 39 ( C ^ )  + (31), 28 (96), and 27 (40%) ; '
v • -1 \ 3043, 2260, 1430, 1420, 1305, 1272, 1230, 1205,max(Nirjol)
1120, 915, 895 and 773 cm"1; 6 (CDC13) 2.67 (2H, m, ~CH2- 
C-CN) and 3.03-3.57 (5H, m, CH2-S02-CH2-CH-CN).
xxv) 3-Cyanomethyl-2,5-dihydrothiophene-l,1-dioxide
(5 )a) Krug and Yen claimed that they had prepared 3-cyano-
4-methy1-2,5-dihydrothiophene-l,1-dioxide by reacting 
potassium cyanide with 3-bromomethy1-2,5-dihydrothiophene 
dioxide in aqueous methanol. We have repeated their work 
and found that the compound was the 3-cyanomethyl derivative. 
Thus 3-bromomethy1-2,5-dihydrothiophene-l,1-dioxide (5g, 0.02m) 
was heated together with potassium cyanide (1.3g, 0.02m) in
3
refluxing 50% aqueous methanol (.100 cm ) for 3 hours.
Insoluble material was filtered off and the filtrate was
evaporated to dryness. The residue was recrystalized from
ethanol (charcoal) to give l.Og, (31.8%), m.p. 139°C
(lit. 136-137°C) ( Found: C, 45.7; H, 4.4; N, 8.8. ChH^NO^Sb / z
requires C, 45.9; H, 4.5; N, 8.9%); m/z 157 (M+) (2), B 93
(M - S02)+ (100), 66 (M - S02 - and HCN)+ (39), 65
(M - S02 - C2H 4)+ (13), 53 (M - S02 - C ^ N ) + (63), 51 (9),
41 (C~H N)+ (9), 39 (19) and 27 (20%); v ,«T . 2250,2 3 max(Nu3 0 l) '
1655w, 1405, 1308, 1233, 1135, 1108, 1095, 910, 775 and 
590 cm"1; 6 (CDC13) 3.28 (2H, s , =CCH2CN) , 3.77 (2H, s, 
=CCH2S02), 3.86 (2H, m, -CH2S02) and 6.18 (1H, m, -CH=).
b) 3-Bromomethyl-2,5-dihydrothiophene-l,1-dioxide (2l.Og,
0.1m) and potassium cyanide (18g, 0.2m) were stirred in 
refluxing dry acetonitrile containing 0.15M 18-crown-6
3
(150 cm ) for 7 hours. Insoluble material was filtered off 
and the filtrate was evaporated to dryness; the residue was 
dissolved in ethanol, acidified with glacial acetic acid
3
(5 cm ), boiled with charcoal for 5 minutes, and filtered.
The filtrate was concentrated and kept in the refrigerator 
overnight; a pale yellow precipitate was filtered off (4.0g), 
m.p. 134-137°C. Recrystallisation from ethanol (charcoal) 
afforded white, needle shaped crystals, m.p. 139°C. The 
yield was 3g (19.1%).
xxvi) 3-Cyano-4-methyl-4,5-dihydrothiophene-1,1-dioxide
3-Oxo-4-methyltetrahydrothiophene-l,1-dioxide (20g,
0.135m) was added, portionwise, to hydrogen cyanide (18g,
3
0.66m) in methanol (100 cm ) containing 4 drops of concentrated 
sodium hydroxide at 5-10°C. The mixture was then kept at 
0°C over night. It was then neutralized with 80% phosphoric
3
acid (0.2 cm ) and the solvent was evaporated to dryness,
and the residue (brown thick oil) was dissolved in pyridine
3 3
(140 cm ) and stirred. Phosphoryl chloride (35.1 cm ) was
added at 60-70°C (40 minutes) and heating continued at
this temperature for 4 hours. The mixture was cooled to
room temperature and added to crushed ice (ca. 200g),
acidified with concentrated HC1 and stirred for 1 hour.
3
The product was then extracted with chloroform (5 x 80 cm ) , 
and the extracts were combined, dried (Na2 S0 )^ and filtered.
The solvent was evaporated under reduced pressure to leave 
a yellowish oil which solidified at room temperature. 
Recrystalization from ethanol (charcoal) gave white crystals 
16g (75.48%), m.p. 77-78°C ( Found: C, 45.8; H, 4.5;
N, 8.9. C^H^NCtS requires C, 45.9; H, 4.5; N, 8.9%); m/z o / z — —
158 (M t 1)+ (15), 157 (M+) (7), 128 (49), 96 (21), 93
(M - S02)+ (10), 81 (54), 64 (S02)+ (37), 53 (C4H5)+ and
(C3H N)+ (16), 52 (C4H 4)+ (15), 51 (C3HN)+ (15), B 42 (100)
39 (70) and 27 (31%); V 3100, 2240, 1605, 1310,max(Nujol)
1260, 1180, 1135, and 840 cm"1; 6 (CDC13) 1.51 (3H, d, CH3 , 
J =  7.02 Hz), 3.01 (1H, d, trans-C-CHS02 , J =  8.49; J' = 
3.8Hz) ,■ 3.16-3.71 (2H, c, cis- -CH-CH-S02) , and 7.23 (1H, 
s, =chso2).
2.4. C) Unsuccessful Reactions
The preparation of some other cyclic sulphone derivatives 
has been attempted, in this work, unsuccessfully. The 
following is a description of some of the attempts :-
i) 3,4-Di cyanotetrahydrothiophene-1,1-dioxi de
a) 3,4-Dibromotetrahydrothiophene-l,1-dioxide was reacted 
with sodium cyanide, potassium cyanide or tetraethylammonium 
cyanide in aqueous or non aqueous solvents at 40-l00°C.
All experiments resulted in hygroscopic polymeric materials.
A catalytic ammount of 18-crown-6 was used in some cases 
but the result was similar.
b) Also, reaction between cis-3,4-ditosyloxytetrahydrothiophene-
1 ,1-dioxide and potassium cyanide in acetonitrile gave 
polymeric material . The infrared spectra of polymers in
both cases showed a weak absorption at 2 2 2 0  cm \
ii) 3,4-Dicyano-2,5-dihydrothiophene-1,1-dioxide
2 ,3-Dicyanobutadiene is unstable and could not be 
prepared in its pure form on a large scale (chapt. IV) .
However, two different experiments were carried out in an 
attempt to prepare the dicyanosulphone by reacting the diene 
(0.26g) with sulphur dioxide (0.38g) in methanol (7 cm ) 
containing (0.02g) of hydroquinone. In both cases, the
3
mixture was sealed in a glass bulb (12 cm in capacity); 
the first was heated at 85°C for 4 hours and only gave 
polymeric materials.
The second was left at room temperature for one week.
The product was a mixture of polymeric materials, containing
the sulphone group; and the starting material, reduced 
starting material, and the sulphone ring. The mixture 
was dissolved in chloroform and filtered. High molecular 
weight polymer was insoluble in chloroform; it decompose 
above 200°C. The chloroform was evaporated to dryness:
^H nmr spectrum of the residue in CDCl^ showed a mixture 
of low molecular weight polymers, 2 ,3-dimethylmaleonitrile 
<5 2.25ppm (6H, s, 2 x CH^), 3 ,4-dicyano-2,5-dihydrothiophene 
-1,1-dioxide m/z 167 (M - 1)+ , 104 (M - SC^)* 6 6 , B 64 (SC^)*, 
50, 48, and 43; 6 4.22 (4H, d, 2 x CH2 S02 , J = 5.27 Hz) 
and 2,3-dicyano-l,3-butadiene, 6 6.38 (4H, d, 2 x CH2 =,
J = 1.08 Hz).
iii) 3-CyanO-4-bromotetrahydrothiophene-l .1-dioxide
Attempts to add hydrogen cyanide to 3-bromo-2,3- 
dihydrothiophene-1 ,1 -dioxide by using acetone cyanohydrin 
in boiling acetone, or acetonitrile or by using liquid 
hydrogen cyanide in methanol in the presence of a catalytic 
amount of sodium cyanide was unsuccessful. In all cases, 
polymeric materials were obtained. Ir spectra showed 
medium absorptions at 2 2 0 0  cm ^ which might indicate the 
presence of the cyano group attached to a polyunsaturated 
compound.
iv) 3-Cyan0 - 4- chlorotetrahydrothiophene-1,1-dioxide
Hydrogen cyanide failed to add to 3-chloro-2,5-dihydro- 
thiophene-1 ,1-dioxide when a mixture of acetone cyanohydrin 
and the chloroderivative was heated in refluxing acetonitrile 
or benzene containing a catalytic amount of sodium cyanide 
and 18-crown-6. In all cases, the starting material was 
recovered unreacted.
v) 3-Dimethylamino- 2 y5-dihydrothiophene-1,1-dioxide.Methiodide
Iodomethane failed to react with the dimethylamino 
derivative in refluxing absolute ethanol or when used neat. 
Similarly, trimethylamine failed to react with the 3-chloro 
analogue.
vi) 3-Cyan o-4-hydroxytetrahydrothiophene-1,1-dioxide
3-Hydroxy-4-bromotetrahydrothiophene-l,1-dioxide 
was treated with tetraethylammonium cyanide and the mixture 
was heated at 40-45°C. A quantitative ammount of tetra­
ethylammonium bromide was collected. The reaction underwent 
elimination rather than substitution; thus, 3-hydroxy-
2 ,3-dihydrothiophene-l,1-dioxide was collected in ca.30% 
yield.
vii) 3-Cy an o-4-dimethylamin otet rahydrothi ophene-1,1-di oxi de
The 3,4-bis(dimethylamino)methiodide derivative was treated 
with tetraethylammonium cyanide in dimethylsulphoxide at 
45-50°C. The mixture became very dark after a few minutes. 
Removal of the solvent gave polymeric materials, extraction 
of which with chloroform gave 1 2 % of the elimination product.
A mass spectrum of the residue showed the molecular ion of 
3-cyano-4-dimethyltetrahydrothiophene-l,1-dioxide m/z 188 
(M+) , 186, 171, 134, 124 (M - SC^f, 105, 64 (S02)+ , 53 
(C3 H 3N)+ , 45 { (CH3)2NH }+ , 43, 42, 28 (C2 H 4)+ and B 27
-f
(HCN and C2H 3) ; the infrared spectrum showed absorptions 
at 22 40 cm ^ which indicates a cyano group attached to the 
ring; and at 2143 cm ^ which indicates a cyano group 
attached to a polyunsaturated compound. The same compound
was attempted from acetone cyanohydrin and 3-dimethylamino 
- 2 ,3-dihydrothiophene-l,1-dioxide in refluxing acetonitrile 
containing a catalytic ammount of sodium cyanide and 
18-crown-6. The reaction gave only polymeric materials.
viii) Also, attempted isomerisation of 3-cyano-4-methy1-
4,5-dihydrothiophene-1,1-dioxide to 3-cyano-4-methyl-2,5- 
dihydrothiophene-l, 1-dioxide by heating it at 90°C with 
diethylamine in dimethylsulphoxide was unsuccessful.
2 *5 DISCUSSION
2.5A Synthetic and Mechanistic Aspects
In the preparation of pinacol, magnesium donates an
electron to acetone to form a free radical anion: a second
electron may then be donated to a further acetone molecule.
..  ©
(CH3 )2 C=0 + e (CH3 )2 C*—  o:
•j*
Mg or Mg will associate with or form bonds to oxygen anions
the adjacent two acetone radicals combine together to form
the pinacolate. The alternative possible details for this
(29) that one magnesium atom
(36)
reaction mechanism are firstly
is bonded to both oxygens of the pinacolate or secondly 
that the pinacol is bonded to two magnesium atoms through 
the oxygens. Hydrolysis of either intermediate gives 
pinacol.
(0*3)2-C- C-(CH3);\
Mg
2 (CH3)2C=0
0  0  
' / 
Mg++
2 Mg
(CH3)2-C—  C-(CH b)2 
0 0 / 
Mg+ Mg*
M ^ ( C H 3)rC-C-(CH3):
0 ?
H H
+ M 4 *
In the latter case, the precise function of the second 
valencies of the magnesium atoms have not been specified; 
presumably they bind the magnesium atoms to the bulk of the 
metal or possibly to another pinacol residue.
Dehydration of pinacol over aluminium oxide is thought
to follow the E2 mechanism which exhibits a certain ionic'
(37)character even at low temperature. The transition state
structure might change from to with increasing reaction 
temperature.
Sterically, the elimination takes place by a trans 
mechanism. This is based on the grounds that dehydration 
would proceed in pores of molecular dimensions and in 
crevices and channels of the catalyst. The basic (:B) and 
the acidic (A) centres of aluminium oxide are assumed to be 
located on opposite walls and the concerted elimination 
could proceed as indicated
ch3 
h2c=c- c=ch2 
CHj
Alternatively, an E^ mechanism might have proceeded as 
follows
A
V.OHCH3 CH?
CH3-C-C-CH3 -----   CH3-C-C-CH3 +
CH3OH CH30H
O b
CH2=C- C-CH3 + (BH)+
CH3 OH
CH3
CH2-C- C-CH3 
H CH3 OH
(aoh)
H A c
/-
loH CH3 H 
1 i-/
CH2- C- c-ch2
H
B
ch3 (oh
HA
(AOH) + (BH)+  > H 2 O.B + A
H2 O.B — H20 + : B
The above mechanism is repeated to form the diene. It 
is noted that pinacolone is produced as a byproduct in the 
dehydration of pinacol over aluminium oxideT giving evidence 
for the suggested mechanism.
OH CH 3 
CH3 - C - C—  CH3 + A
i i  M
CH 3 OH
CH
CH3-C_ C _ CH3 +(AOh )' 
ch3 oh
r©
CH3 -C- C- ch3
1 VCH3 :QH
ch3
ch3_ c_ C-CH3
I II
ch3 oh
(CH3)3 C- C- CH3 + B 
II 
OH
(A OH)' (HB)
CH3)3 C- C- CH3 + (HB)+ 
II 
0
h2o + -B + a
However, as pinacol rearranges with dehydration in the 
presence of strong acid, protonation of the first formed 
pinacol on the alumina by acidic centres could lead by a 
quite separate step to the observed pinacolone.
Some high molecular weight polymeric material also 
resulted in the dehydration of pinacol. Although this 
material was not identified, it could have been polyether 
from the condensation of pinacol over aluminium oxide.
CHb CH3 ' —^lc
1 * AI2O 3 n n
n CHb- C —  C-CH3 --- --------- 0 ?.r 40 0 C x '
OH OH
CH3CH3 CHb CHb CH3 CHb
1 1  ! 1 1 1
CHb -C- C- [-0- C- C- ]-0- C- C- OH
1 1  1 1 y I I
OH CHb CHb CHb CHb CHb
n = 2m + y + 2
Condensation of alcohols over aluminium oxide at high 
temperature to give ethers has been mentioned in the 
literature.
The Diels-Alder reaction of butadiene with sulphur 
dioxide is significantly dependent on the nature of 
substituents on the diene. For example, the methyl group 
in both isoprene and 2 ,3-dimethy1 butadiene stabilises both the 
diene and the sulphone ring system and accordingly yields
are high. The electron withdrawing nature of chlorine in 
chloroprene makes it difficult for the Diels-Alder reaction 
to take place, and accordingly low yields of the sulphone 
(36%) are obtained, beside some polymeric materials. It 
has been reported that electron withdrawing substituents in
2.3-disubstituted butadienes cause the diene to polymerise
(39)with ease as with 2,3-dibromo and dichloro butadiene.
2.3-Dicyanobutadiene has been found, in this work, to 
polymerize within one to two days at room temperature.
Attempted reaction of this diene with sulphur dioxide led
to a mixture containing polymers, starting materials, sulphone 
ring and reduced diene. The polymer was removed and the 
rest of the mixture wa^ s studied by nmr; it was found to 
contain 2 ,3-dicyanobutadiene (49 . 2 7%), 2 ,3-dimethylmaleonitri le
(37.7%) and 3, 4-dicyano-2 ,5-dihydrothiophene-1,1-dioxide (13.03%)* 
Perhaps the cyclic sulphone exists in equilibrium at 
room temperature with the diene and sulphur dioxide.
Hydroquinone was used as a free radical scavenger in order 
to prevent polymerization of the diene, which seems to 
follow a free radical mechanism in this case. However, 
hydroquinone reduced the dicyanodiene to dimethylmaleo­
nitri le.
CN CN CN CN
CN CN CN CN
IH
o o
CN CN .
ch3 ch3 * 0 = >=0
Hydroxylation of butadiene sulphone with potassium permanganate 
afforded only a low yield of cis-diol, due to the fact that 
side reactions took place. For example, the double bond 
can be oxidized to give the unstable diacetic acid sulphone
which undergoes decarboxylation to give dimethyl sulphone (19)
0 0
+ MnCK
0
C H 3 - S - C H 3
11
0
OH
0
-
a'**.
-C02
0
II
0
II
Mn 
7 \
0 0 
s  0  ^
 ^s ^  
0 0
HOC COH 
0 '  ' '  0
Bromination of the double bond in butadiene sulphone
proceeded almost quantitatively (9 8-100% yield); prepared 
analogously, 3,4-dibromo-3-methyltetrahydrothiophene-1,1- 
dioxide was obtained in only 72-80% yield, probably because 
the methyl group stabilizes the double bond by hyper­
conjugation. It is also possible that the ring decomposes 
slightly in boiling carbon tetrachloride:
From the preceeding observations one can conclude that
Allylic bromination of 3-methyl-and 3,4-dimethyl-2 ,5- 
dihydrothiophene-1,1-dioxide gave the corresponding 3-bromo- 
methyl and 3,4-bis(bromomethyl) derivatives.
The yields were relatively low and the products were on 
obtained pure after many recrystallisations. Very small 
amounts of crystalline bromine-addition products were 
obtained in both cases as was confirmed by nmr. The 
rest of the product was a yellowish oil comprising other 
bromination products.
o o
CH3 CH3
A combined GC-mass spectrometer was used to identify 
the components from allylic bromination of 3,4-dimethy1-2 
dihydrothiophene-1,1-dioxide (Fig. 2.4A):-
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O ' ^ O
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Figure 2.4A Analysis of GC-Mass spectra of the allylic
bromination of 3,4-dimethy1-2,5-dihydrothiophene 
dioxide.
4yl on Chromosorb(100-120 mesh), liquid phase 
10% Carbowax 20M; temperature was held at 50°C 
for 10 minutes then increased at 5°C/min to 150°C,
Chart speed 0.5cm/min
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Similarly, allylic bromination of the 3-methyl derivative 
gave the following fragment ions (Fig. 2.4B).
C H 2Br
+
0 '0  M 211
Br B r C H 3 C H2Br
• r \  .
0 0 M2 92 M 1 4 6
CH3
f ~ ' ^ B r
M 146
tHi6'r
F\*.
c h 3
B r ^
M 146
r — < ^./TV
CH2Br 
Br^ \
M+ 22 4
Jbr ^  91%
Apparently, the bromine radicals in the solution combine to 
form molecular bromine, which in turn adds to the double 
bond.
2 Br* Br*
Br Br 
/ ~ \
The 1-bromobutadiene derivative formed from both methyl and 
dimethyl substituted dienes might have resulted from the 
decomposition of 2-bromo-2,5-dihydrothiophene-1,1-dioxide 
derivatives.
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Figure 2.4B GC-Mass spectra analysis of the allylic
bromination of 3-methy1-2,5-dihydrothiophene 
dioxide.
0.5yl on 10% Carbowax 20M, support: Chromosorb 
(100-120 mesh), temperature was held at 50°C 
for 10 minutes then increased at 5°C/min to 150°C, 
Chart speed 0.5cm/min.
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Figure 2.4B (continued).
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Attempted cyanation of 3,4-dibromotetrahydrothiophene 
dioxide was unsuccessful and led to polymeric materials. 
This was due to the fact that elimination took place twice 
in the ring to give thiophene-1,1-dioxide which decomposed 
immediately into sulphur dioxide and polymers. Similarly, 
the 3,4-ditosyloxy derivative underwent an elimination 
reaction and gave polymer.
(4)It has been concluded from X-ray studies that the
two oxygen atoms attached to sulphur lie in a plane which 
is perpendicular to the ring plane and they do not 
participate electronically in the ring structure (e.g. 
there are no mesomeric shifts possible in 3-sulpholenes). 
However, the elimination reactions showed that the sulphone 
group has a -I effect and labilises the a-hydrogens. Only 
if an a-H is removed by a base so that bromide follows, can 
the observed product ( IV ) be explained.
Br Br Br
=(N~
^ - H Br
0 0 0 0
:CN
- HBr
s ; 
o o
[IV]
In confirmation of this mechanism, 3-bromo-2 ,3-di.hydrp-and 
3-hydroxy-2,3-dihydrothiophene-l,1-dioxide arose from the 
reaction of pyridine with 3,4-dibromo and 3-hydroxy-4- 
bromotetrahydrothiophene-1,1-dioxide, respectively.
Dehydrobromination seemed to be selective in 3,4-dibromo-3- 
methyltetrahydrothiophene-1,1-dioxide and it gave 3-bromo-4— 
methyl-2,3-dihydrothiophene dioxide. This is presumably 
because the particular double bond is stabilised by the 
methyl group through hyperconjugation.
Hydrogen cyanide did not add to the double bond in
2,5-dihydrothiophene-l,1-dioxide. That was, as expected, 
because the double bond is non-polar. Therefore, the double 
bond was isomerised to the polar form in 2,3-dihydrothiophene-
1,1-dioxide. ^H nmr of both isomers showed that the olefinic 
protons in the 2,5-dihydro isomer absorb as a singlet at 
6.10ppm, whilst the olefinic protons in the 2,3-dihydro- 
isomer absorb as a multiplet at 6.71ppm as in Fig. (2.5). 
Hydrogen cyanide adds in the presence of cyanide, to the 
double bond in the latter isomer to give 3-cyanotetrahydro- 
thiophene dioxide (55.8%), together with polymeric materials. 
In fact, the presence of sodium cyanide in the reaction 
mixture as a catalyst, might have caused the formation of 
the polymeric products. There is a possibility that sodium 
cyanide catalyses the sulphone ring cleavage leading to 
sodium 1-(1,3-butadienyl)~sulphinate or sodium l-(3-cyano 
-3-butenyl)-sulphinate. Reaction of the latter with hydrogen 
cyanide gives sodium 1- (3,4-dicyanobutyl)-sulphinate. Both 
unsaturated sulphinates could undergo polymerization easily 
under the hydrocyanation reaction conditions.
11 10 9 8 7 6 5 3 2 04
1 1 910 67 08 5 3 124
Figure 2.5 NMR spectrum of 2- and 3-sulpholene.
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Cobb (16) reported sodium 1-(3, 4-dicyanobutyl) sulphinate
from sodium cyanide and 3-cyanotetrahydrothiophenedioxide 
but did not explain the mechanism of the reaction. Attempted 
hydrocyanation of 3-cyano-4-methyl-4,5-dihydrothiophene-1,1- 
dioxide in this work, however, led to polymeric material 
which was insoluble in most organic solvents.
(5)Krug reported that allylic rearrangement took place
in the reaction of 3-bromomethy1-2,5-dihydrothiophene-l,1- 
dioxide with potassium cyanide in aqueous alcohol leading 
to 3-cyano-4-methyl-2,5-dihydrothiophene-l,1-dioxide. His 
judgement on the structure of the cyano product was based 
on ultraviolet studies. We have repeated his work and 
found that the product was 3-cyanomethy1-2,5-dihydrothiophene-
1,1-dioxide, as confirmed by "Sh nmr. Furthermore, we 
prepared this compound by a different route using sodium 
cyanide with 18-crown-6 to complex the sodium ion: this
modification minimises the allylic rearrangement. If allylic 
rearrangement had taken place, it should have led to 
3-cyano-4-methylenetetrahydrothiophene dioxide. Further
rearrangement of the exocyclic double bond would give 
3-cyano-4-methyl~2,3-dihydrothiophene dioxide, and not the 
compound claimed by Krug.
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The H nmr spectrum of the product does not agree with either 
of the above structures. Protons on the exocyclic double 
bond should absorb in the region 5.0-7.0ppm, also they 
should appear as a doublet, while the olefinic proton a-to 
the sulphone group should absorb at 6.5-7ppm. The nmr 
spectrum of the product showed absorption of 6 (CDCl^) 3.28 
(2H, s , =C-CH2CN) , 3.77 (2H, s, =CCH2SC>2), 3.86 (2H, m,
-CH2SC>2) and 6.18 (1H, m, -CH=) . The above spectrum only 
agrees with the structure of 3-cyanomethy1-2,5-dihydrothiophene
/ 1 c \
-1,1-dioxide. It has been reported that 2,5-dihydro­
thiophene-l , 1-dioxide can be isomerised in aqueous sodium 
cyanide solution. In this work, we found that 3-methyl- 
-2,5-dihydrothiophene-l,1-dioxide was stable and remained
unchanged when boiled in acetonitrile containing sodium 
cyanide. Hydrogen cyanide failed to add to the double bond 
in 3-chloro-2,5-dihydrothiophene-l,1-dioxide. That was, 
presumably, because the chlorine atom participated 
mesomerically in the electronic structure of the double bond 
and stabilised it.
Amination of 3,4-dibromotetrahydrothiophene-l,1-dioxide 
followed, probably^two mechanisms; first an elimination-addition 
mechanism through which the 2,3-dihydro intermediate is 
formed, followed by addition of dimethylamine to the double 
bond. This step is repeated to give 3,4-bis(dimethylamino) 
derivative. The second mechanism is direct substitution of 
the bromine by the dimethylamine.
In an ^H nmr study, we found that the amination product 
of 3,4-dibromo derivative with dimethylamine contained 
9 7% of 3,4-bis(dimethylamino) and 3% 3-dimethylamino-2,3- 
dihydro derivative. Furthermore, 3-bromo-2,3-dihydro- 
thiophene-1,1-dioxide gave, with dimethylamine, a mixture 
containing the 3,4-bis(dimethylamino) (66%), and the
(3)3-dimethylamino-2,3-dihydro derivative (34%). Baily 
reported that amination of 3-bromo-2,3-dihydro derivative 
gave the pure 3,4-bis(dimethylamino) derivative.
Iodomethane failed to react with 3-dimethylamino-2,5- 
dihydrothiophene-1,1-dioxide in boiling absolute ethanol 
or with excess neat idomethane. Presumably, the non paired 
electrons on the nitrogen atom are in resonance with the 
double bond and deactivate the nitrogen atom towards 
electrophilic reagents.
3,4-Dibromotetrahydrothiophene-l,1-dioxide in hot 
methanolic sodium hydroxide gave 4-methoxy-2,3-dihydrothio- 
phene-1,1-dioxide. The possible mechanism of this reaction 
can be explained in two ways; the first involves dehydro- 
bromination followed by addition of sodium methoxide, then 
isomerisation of the double bond (route A ) , and the second 
mechansim, elimination and isomerisation of the double bond, 
followed by substitution, which is again followed by 
isomerisation (route B)
/  MeONaC^
,BrCH30 Br 0CH3 OCH3
CH30
Lb) Brn Br
MeONa
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The above isomerisations are supported by the fact that 
the 3,4-double bond in cyclic sulphones can be isomerised 
in alkaline solutions to give the more stable 2,3-dihydro- 
derivative. Furthermore, the 4-methoxy-2,3-dihydro- 
derivative has been prepared from, 3-chloro-2,5-
dihydro 3-chloro-2,3-dihydro- and 4-chloro-2,3-dihydro- 
thiophene-1,1-dioxide.
Attempts to prepare the cyanohydrin derivatives by 
reacting 3-oxo-4-raethyl or 3-oxotetrahydrothiophene-l,1- 
dioxide with sodium bisulphite and sodium cyanide or with 
acetone cyanohydrin in the presence of a catalytic ammount 
of sodium cyanide were unsuccessful. These ketones, 
however, reacted successfully with hydrogen cyanide in 
methanol in the presence of sodium cyanide or sodium hydroxide. 
3-Oxo-4-methyltetrahydrothiophene-l,1-dioxide cyanohydrin 
was dehydrated, in pyridine, with phosphoryl chloride to 
give 3-cyano-4-methyl-4,5-dihydrothiophene-l,1-dioxide.
Similar to dehydrobromination, the dehydration in this case 
favoured the 2,3-elimination to give a double bond a-to 
the sulphone group. The cyanohydrin of the 3-oxotetrahydro 
derivative gave the ketone when treated with phosphoryl 
chloride in pyridine. Presumably, the HC1 
from the reaction catalyses the reverse reaction.
Ring strain and the presence of the sulphone group 
shift the infrared absorption towards higher energy. The* 
olefinic C-H stretching vibration appears between 3090- 
3100 cm ^ for 2,3-dihydroderivatives as well as for 3-chloro* 
and 3-dimethylamino-2,5-dihydrothiophene-l,1-dioxide, other 
olefinic C-H stretching appears at 3070-3080 cm \  C-H 
bonds geminal to electron withdrawing groups (Br, OH, CN, 
or OTs) absorb at 3020-3040 cm \  The methylene C-H bonds 
a- to the sulphone group absorbs at ca. 2920-29 40 cm ^ as 
two sharp peaks. The hydroxy group in position 3- absorbs 
in the region 3440-3450 cm  ^ except for the enolic form of 
3-oxotetrahydrothiophene dioxide where the 0-H bond absorbs 
at 3610 cm \  The carbonyl group in the 3- position absorbs 
at 1750-1755 cm
HO 0.
S
0 0 * \N 0 0
-OH at 3610 cm c = 0 at 1 755 cm
-C = C- at 1615 cm
Carbon-carbon double bonds absorb at 1600-1640 cm but an 
exception was the 3-dimethylamino-2,5-dihydro derivative 
where the double bond absorbs at 1590 cm ^ because the 
nitrogen stabilises the double bond by its mesomeric effect,
i.e. gives it more single bond character. The cyano group 
in 3-cyano-tetrahydrothiophene-l,1-dioxide absorbs at
2260 cm ^ while in the 3-cyano-4-methyl-4,5-dihydro 
derivative it absorbs at 22 40 cm ^ as it is stabilised by' 
the double bond. The allylie cyano group in the 3-cyano- 
methy1-2,5-dihydro derivative absorbs at 2250 cm The
sulphonyl group, S=0 vibration appears as expected for
cyclic sulphones, in the region 1200-1330 cm there are 
two main peaks accompanied by multiple minor peaks. The
carbon bromide bond absorbs at 790-820 cm 
1
H Nmr spectra of 2 ,5-dihydrothiophene dioxide 
derivatives showed that the methylene group a- to the 
sulphone group absorbs in the region ca.3.80ppm (Table 2.2). 
Two compounds showed different character; the methylene 
absorption was shifted towards lower field in 3,4-dicyano-
2 ,5-dihydrothiophene-l,1-dioxide (4.22ppm), presumably due 
to the electron withdrawing effect of the cyano group, whilst 
the absorption was shifted to higher field for the methylene 
group a- to the dimethylamino group (3.37ppm). It appears 
that the electron density at the nitrogen atom and the 
double bond shields the methylene group and therefore shifts 
the absorption to higher field. Bromomethyl and cyanomethyl 
in the 3-, and 4- position shifted the absorption of the 
methylene group in the 2- and/or 5 positions to lower field 
by 0.19 and 0.05ppm respectively. Bromine substitution on 
the methyl group in 3-position shifted the absorption of 
geminal hydrogens (in bromomethyl) to lower field by 2.2 4ppm 
while the cyano substitution shifted the absorption (in 
cyanomethyl) by 1.42ppm to lower field. The olefinic 
hydrogen absorbs at ca. 6.00ppm except for the 3-dimethylamino 
-2,5-dihydro derivative where the absorption appears at
n .
TABLE (2.2) (f *Q
~^ H nmr chemical shifts for 2 ,5 -dihydrothiophenedioxide
derivatives
R 1 6 R2 6 R 3 6 6
H 3. 70 H 6.10 H 6. 10 H 3.70
H 3. 70 c h 3 1.86 H 5. 74 H 3. 70
H 3. 72 c h 3 1.78 c h 3 1.78 H
3. 72
H 3.91 Cl - H 6.10 H 3.91
H 3.88 CH2Br 4.02 H 6.09 H 3. 88
H 4.01 CH2Br 4.07 CH2Br 4.07 H 4.01
H 3.77 c h 2cn 3.28 H 6.18 H 3.86
H 3.37 N(CH3) 2 2.90 H 5.09 H
2. 89
H 4.22 CN - CN H
4.22
5.09ppm; again this is due to the high electron density 
at the end of the double bond as a result of the nitrogen" 
atom mesomeric effect. The absorption of the methylene 
group a- to the sulphone group appears as a muItiplet due 
to the vicinal coupling to the olefinic hydrogens, in the 
3-, and 4-positions, and the geminal coupling within the 
methylene group itself. The geminal coupling increases 
according to the presence of electron withdrawing groups in 
the 3- and 4-positions. This was clear in the 3,4-dicyano 
-2,5-dihydro derivative where the coupling constant was J =
5.2 7 Hz.
The olefinic protons in 2,3-dihydro derivatives (Table 
2.3, R 1 = R2 = H) absorb at ca. 6.7ppm. A cyano group on the 
double bond (R1 = H, R2 = CN) shifted the absorption to a lower 
field (7.23ppm) whilst the methoxy group (R2 = OCH^) shifted 
the absorption to a higher field (5.7ppm). Presumably, the 
cyano group withdraws the electrons of the double bond and 
deshields the olefinic proton (R1 = H ) , while the methoxy group 
stabilises the double bond by its mesomeric effect and there­
fore increases the electron density around the proton.:
The methylene group protons a- to the sulphonyl group
(R5 = H) appear as a multiplet in the region 3.08-3.71ppm
due to the vicinal and geminal coupling . The vicinal
coupling appears in the methyl group (R2 = CN, R 3 = CH^)
where the tertiary proton (Rv = H) splits the peak into
a doublet (J = 7.02 Hz). The same proton splits the
methylene proton (R5 = H) peak, which is already split by
geminal coupling, by two different values; R 5 cis- to R 1*
absorbs as two doublets. The original geminal doublet,
J = 12.26 Hz, is split by the vicinal coupling J . =— gem * J ^ ^ — cis
3.8 Hz. The trans- proton absorbs as a multiplet in the
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same region where the tertiary proton itself absorbs.
Electron withdrawing groups on the ring shift the absorption
towards lower field and in some cases increase the ring
strain which, in turn, affects the absorption of the
methylene group a- to the sulphone group in such a way that
it causes a considerable geminal, and vicinal coupling.
This effect can be observed in 3-tosyloxy-2,3-dihydrothiophene
-1,1-dioxide (R3 = oTs, R1* = R 5 = H) . This molecule shows
three types of AB system, one geminal, one olefinic vicinal
and one aromatic vicinal. The methylene group (R5 = H)
appears as four doublets, due to the vicinal splitting of
the geminal lines (J = 14.19 Hz). The proton R 5 trans-— gem -----
to the proton R4 proton absorbs at 3.54ppm and the vicinal 
coupling in this case is J = 7.61 Hz, while R 5- cis-to R 1* 
absorbs at 3.23ppm with coupling constant J = 4.09 Hz. The 
two olefinic hydrogens (R1 = R 2 = H) also form an AB system,
—R*R2 = 6.76 Hz. The olefinic proton a- to the sulphone 
group absorbs at 6.82ppm and shows second order coupling
= 1.47 Hz, while the proton R 2 absorbs at 6.65ppm and 
shows vicinal coupling, = 2.63 Hz. The four protons
on the tosyloxy aromatic ring also absorb in this way. The 
protons o - to the sulphonate group absorb at 7.85ppm 
while the protons m- to the sulphonate group absorb at 
7.36ppm. The coupling constant in this case is J = 8.34 Hz. 
3-Bromo-2,3-dihydrothiophene-1,1-dioxide showed the same 
character; the methylene group (R5 = H, R 1* = H) showed a 
geminal coupling Jgem = 14.64 Hz and the four peaks were 
split into doublets by the vicinal coupling. R 5 trans- 
to the proton R 1* absorbs at 3.81ppm and the vicinal 
coupling in this case is = 7.32 Hz, while R 5 cis-
to R1* absorbs at 3.56ppm and the vicinal coupling is
~~r
10 0 8
Br
1TT TT
Figure 2 . 6 H NMR spectrum of 3-tosyloxy-2 ,3-dihydrothiophene 
dioxide and also 3—bromo—2,3—dihydrothionhpnp
— R 5R i+ = ^-8 Hz* Electron withdrawing groups in position 3 
(R3 = N(CH3)2 , B r f oTs) shift the absorption of the geminal 
proton towards lower field by 1.21, 2.00, and 2.5 7ppm 
respectively.
Protons in tetrahydrothiophene-1,1-dioxide (Table 4)
absorb as multiplets due to the geminal and vicinal coupling:
An example for the geminal coupling is given in 3,4-dibromo-
3-methyltetrahydrothiophene-l,1-dioxide, the methylene group
(R1 = H, R2 = CH^, R 3 = Br) absorbs as a singlet at 3.37ppm
while the other methylene (R6 = H, R 5 = H, R 4 = Br) shows a
geminal coupling Jgem = 14.47 Hz which appears as eight lines
due to the vicinal coupling. The proton (R6) trans- to (R5)
absorbs at 4.2 4ppm and the vicinal coupling in this case
is J^-rans = 5.85 Hz; while (R6) cis- to (R5) absorbs at
3.6 4ppm and the vicinal coupling is J . = 3 . 5 1  Hz. Thec 1 s
intensity of the geminal coupling peaks is 1:1.7:1.7:1.
The methylene group a- to the sulphone (R1 = R 6 = H) absorbs 
in the region 3.50 to 4.00ppm, except for the 3,4-bis(dimethyl 
amino) derivative (R3 = R 1* = N(CH3)2) where the methylene 
group absorbs at 3.16ppm. Presumably, the electronic and 
structural nature of the dimethylamino group affects the 
methylene group in a way that shifts the absorption to 
higher field. As has been mentioned in the previous tables, 
protons geminal to electron-withdrawing groups in positions 
3- and 4- (R2 , R 5 = H or CH3 , R 3 and/or R 1* = N(CH3)2 , oTs, 
oMs, Br, CN, OH) absorb at relatively low field (3.50-4.80ppm)
In 3-oxotetrahydrothiophene dioxide, the methylene 
group in the 2-position absorbs as a singlet at 3.74ppm.
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while the other two methylene groups appear as multiplets 
in the region 3.00-3.5 8ppm.
The mass spectra of most deriviatives showed that the 
ring underwent cleavage followed by the loss of S02 * The 
fragmentation of 3-methyl and 3,4-dimethy1-2,5-dihydro- 
thiophene dioxide showed loss of SO^ and hydrogen, methyl, 
ethylene, and propylene radicals (scheme I).
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SCHEME I
Dimethyl amino derivatives followed two ways of 
fragmentation depending on the structure. 3,4-Bis(dimethyl 
amino)tetrahydrothiophene dioxide (M+ * 206) lost either 
SO2 to give 1,2-bis(dimethylamino)-cyclobutane or dimethyl- 
amine to give the unsaturated sulphone ring. Both fragment 
gave dimethylaminocyclobutene (m/z 9 7) which underwent 
further fregmentation (scheme Ila). It can be seen in the 
fragmentation scheme that rearrangement takes place in the 
fragments and it invovles transfer of a hydrogen radical 
at a single bond from the 1 to 2 , , or 1 to 3 position and
does not follow McLafferty's six memebered ring 
rearrangement. Fragmentation of the 3-dimethylamino-2,5- 
dihydro derivative involves the formation of an acetylenic 
dimethylamine ( or equivalent structure ) (scheme lib) 
which gives rise to the base peak in this case.
3,4-Dibromotetrahydrothiophene-l,1-dioxide underwent 
fragmentation by losing either a bromine radical or SC>2 , 
and in both cases it gave a bromocyclobutane ion of m/z 133 
which underwent further fragmentation (scheme Ilia).
3,4-Bisbromomethyl-2,5-dihydrothiophene-l,1-dioxide 
followed a similar fragmentation (scheme Illb).
Cyano derivatives fragmented with the loss of S02 
and the formation of the cyclobutane or cyclobutene ring, 
cleavage of which gave olefinic and acetylenic nitriles.
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The mass spectra of cyanocyclic sulphones in this work
* | -  •
showed, in addition to the classic fragments cnH2 n - 1N ' 
two types of fragments with the molecular formula cnH2n - 3N + * 
as in aerylonitrile (C^H^N** , m/z 5 3) and CnH2n _ 5N+ as i-n 
cyanoacetylene (C^HN * , m/z^ 51) , as shown in scheme IV.
Hydroxy derivatives fragmented with the loss of SC>2 and the 
formation of a carbonyl group in an open chain or within a 
four or three membered ring. An example was the fragmentation 
of 3-hydroxy-2,3-dihydrothiophene dioxide (scheme V).
Ketones of the cyclic sulphones followed the classical 
mechanism of ketone fragmentation. The cleavage took place 
in the C-C bond a- to the carbonyl group in 3-oxo-4-methyl 
tetrahydrothiophene-1,1-dioxide (scheme VI) and the heaviest 
fragment which included the sulphonyl group was metastable 
and showed a metastable peak which indicated the loss of
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CHAPTER III
SYNTHESIS OF CYANOTHIOPHENE DERIVATIVES
3.1 Introduction.
3.2 Experimental
3.3 Discussion.
3.4 References.
3. 1 INTRODUCTION
Cyanoderivatives of tetrahydro and dihydrothiophene 
(I and II) have been prepared in order to attempt their 
oxidation into butadiene sulphone derivatives.
0 CN
/
CN
\ /
CN
-S
CN
\
CN
/
Ila lib
The oxocyano derivative (I) was prepared from 3-(carbo-
(1 2 )ethyoxymethylthic) propionitrile by Dieckmann cydlisation. * '
(3)The elucidation of the structure of biotin (III) 
stimulated interest during the forties and the following 
years in the development of methods useful in the synthesis 
of tetrahydrothiophene (thiophane) derivatives. (4,5,6)
The application of the Dieckmann reaction to compounds of the 
general structure (IV) has received particular attention
HN
0
II
C
III
NH
/
(CH2)4COOH
(7)
s^  CH2 CHR'COOR
\ CHR"COOR
IV
(IV, R = CH3 or C2 H5 , RV =and in a specific case
NHCOCgH^, R " = H) constituted an important step,in the 
total synthesis of natural biotin. The diester sulphide
(IV, R = CH^ or C2 H^, R' = H) was prepared in an
/ o\
excellent yield from the addition of ethyl thioglycolate
to ethyl acrylate in the presence of piperidine as a catalyst 
Substituted sulphides (IV) were prepared from the reaction 
of brominated compounds with sodium hydrogen sulphide 
(either from methanolic sodium hydroxide saturated with
I^S or from thiourea in sodium hydroxide solution) (4) and
the resulting thiol was added to methyl- or ethyl acrylate. 
For example, methyl-a-bromoadipate and dimethyl a-bromo 
pimelate, on treatment with sodium hydrogen sulphide, gave 
the corresponding a-thiol derivative which upon treatment 
with methyl acrylate gave (IV, R = CH^, R 1 = H, R" =
(CH2 )nCOOCHs; n = 3 or 4). However, the addition of ethyl 
thioglycolate to acrylonitrile, in this work, afforded the 
new compound 3-(carboethoxymethylthio)-propionitrile. In 
cases where R', or R" in (IV) are not hydrogen atoms, 
cyclisation can take place in one direction with the 
formation of only one of the 3-oxotetrahydrothiophene
(3)
(V or VI) respectively.
R'
\
0
//
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//
N ru
V VI
VII, R' = H VIII, R" = H
On the other hand, the cyclisation of unsubstituted diester 
(IV, R 1 = R" = H) can take place in two directions, with 
the formation of the cyclic 3”ketoesters (VII and VIII).
The Dieckmann cyclisation, in . the case of thiophene
(9)derivatives, has been effected with powdered sodium, 
sodium ethoxide ^  or methoxide, ^  and sodamide.
Ether, benzene, toluene and methanol have been used as
/ ^  g)
solvents for the reaction. It has been reported * that
the direction of reaction is dependent on the type of base
catalyst and the reaction temperature. For example,
cyclisation of (IV, R' = R" = H, R = C H c) in ether in the
2 5
presence of sodium methoxide at room temperature, the main
product was the 2-carboalkoxy-3-oxo derivative (VII), (3)
whilst the use of sodium ethoxide in refluxing toluene
(8)afforded the 3-oxo-4-carboalkoxy derivative (VIII) . 
However, the acid hydrolysis of either derivative (VII or 
VIII) afforded 3-oxotetrahydrothiophene (IX). ^,4)
The latter compound was used for the synthesis of 3-cyano- 
2,5- and 3-cyano-4,5-dihydrothiophene (Xa and Xb) in this 
work.
0* / CN
1) HCN
2) POCl3-Pyr.
IX
s
Xa
/
CN
S
Xb
3,4-Dicarboxy-2,5-dihydrothiophene (XI) has been prepared 
from (VIII) through the cyanohydrin derivative followed by
dehydration and acid hydrolysis of the cyano group and the
ester. ^  Base hydrolysis led to the isomer (XII)
HOOC
\
ROOC
\ / /
0 ROOC
\
1) HCN
2) P0C1?- 
Pyr.
COOH
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XIII 
COOH 
/\
h 2o
VIII OH XI
HOOC COOH
H
XII
The acid anhydride and the imide of (XI) have also been 
(5)prepared. The double bond in (XI) was reduced by means
of sodium amalgam leading to a mixture of cis- and trans-
(8)3,4-dicarboxytetrahydrothiophene (XIII). 
were isolated in their pure form.
Both isomers
Dehydrogenation of dihydrothiophene has been reported.
The oxidation of (XI) and (XIII) has been studied.
Takaya et al reported that the oxidation of 3, 4-dicarboxy-
2 ,5-dihydrothiophene with peracetic acid led to the
corresponding thiophene. That was due to the formation of
the intermediate 1-oxide which underwent dehydration when
heated in a protic solvent such as aqueous methanol or
glacial acetic acid. The oxidation with perbenzoic acid
in chloroform, however, afforded the corresponding sulphones
(12)
(13)m  some cases.
3-(Carboethoxymethylthio)-propionitrile and compounds 
H a ,  lib, Xa and Xb in this work are new.
3.2 EXPERIMENTAL
i) Ethyl 3 - (carboethoxymethylthio)-propionate
This was prepared from ethylthioglycolate and ethyl
(8)
acrylate according to the literature. The yield was
97-99%, b.p. 100°C/0.05mm ( Found: C, 49.3^ H, 7.5. CgH^C^S 
requires C, 49.1; H, 7.5%); 2990, 2940, 1733, 1448,
1415, 1375, 1350, 1280 (m), 1155 (m) and 1035 cm'1; 6 (CDC13) 
1.28 (6H , 2t, 2 x CH3 , J = 7.16 Hz), 2.78 (4H, m, CH2 CH2 S) ,
3.24 (2H, s, CH2 S) and 4.18 (4H, 2q, 2 x CH2 0, J = 7.16 Hz).
ii) g-(Carboethoxymethylthio)-propionitrile
3
Aerylonitrile (41.25 cm , 33.4g, 0.63m) was added, 
dropwise, to stirred ethylthioglycolate (45.6g, 0.38)
3
containing piperidine (0.4 cm ). The mixture was cooled in 
an ice bath in order to keep the temperature below 40-50°C.
3
More piperidine (0.4 cm ) was added to the mixture after two 
thirds of the aerylonitrile had been added. When the addition 
had been completed, the mixture was warmed over a steam bath 
for three hours. Fractional distillation under reduced 
pressure afforded 65g (99%); b.p. 102-104°C/0.06mm ( Found:
C, 48.5; H, 6 .6 ; N, 8.1. C^H^^N02S requires C, 48.6; H, 6.4;
N, 8.1%); m/z 173 (M+) (41), 146 (M - HCN) + (8 ), 128 (M -
OC2 H5)+ (5), 102, 101 (M - HCN - C ^ O )  + (7), 100 (M - C2 H 5 - 
C02)+ (83), 88 (75), 73 (C3H5 S)+ (19), 60 ( C ^ S )  + (18),
55 (30), B 54 (C3H 4N)+ (100), 46 (CH2 +S)+ (18), 32 (8 ),
28 (76) and 27 (15%) ; v 2940, 2860, 2257, 1735, 1470,max
1445, 1355, 1300, 1280, 1160, 1120, and 1030 cm"1 ; 6 (CDC13) 
1.30 (3H, t, “CH3 , J = 7.22 Hz), 2.83 (4H, m, CH2 CH2 S) , 3.29 
(2H, s, -C0CH2 S) and 4.20 (2H, q, -0CH2 , J = 7.32 Hz).
iii) 3-Oxo-4-Carboe thoxytet r ahydrothiophene
Ethyl-0-(carboethoxymethylthio)-propionate was cyclised
in toluene in the presence of sodium ethoxide according to
(8)
the method described by Brown. Fractional distillation
afforded two fractions :- Fraction (A) had, b.p. 72~74°C/
0.02mm (52.1%) ( Found: C, 48.4; H, 5.6. C^H^O^S requires
C, 48.3; H, 5.8%). This fraction was assigned as 4-carbo-
ethoxy-3-oxotetrahydrothiophene; v 2990, 29 40, 1730,max
1665, 1620, 1470, 1435, 1410, 1382, 1350, 1280, 1235, 1140, 
1100, and 795 cm"1; 6 (CDC13) 1.30 (3H, t, CH3, J =  7.32),
3.34 (3H, c, S CH2 CHC0), 3.79 (2H, £> C0gH2 S), and 4.26
(2H, m, CH20 ) . The 2,4-dinitrophenylhydrazone derivative 
had a m.p. 139-140°C ( Found: C, 44.0; H, 4.1; N, 15.5.
C13H14N 4°6S rec2uires C, 44.1; H, 4.0; N, 15.8%).
Fraction (B) had b.p. 140-142°C/0.02mm (12.5%), M+ 274;
2990, 2940, 1735, 1670, 1625, 1470, 1450, 1410, 1380,
ITlcLX
1330, 1230, 1182, 1035, and 800 cm”1; 6 (CDC13) 1.29 
C6H, m, 2 x CH3) , 1.9-3.7 (8H, cV SCH2 CHC0 + SCHCH2 CH2) 
and 4.20 (4H, m, 2 x CH2 0) . The compound was assigned as 
3 -0 x0 -2(2’-carboethoxyethy1)-4~carboethoxytetrahydrothiophene.
iv) 3-Qx q -4-cyanotetrahydrothiophene
a) 8 “ (Carboethoxymethylthio)-propionitrile (161g, 0.9m) 
was added, dropwise, at 20°C to a stirred solution of sodium
3
ethoxide in absolute ethanol (30g sodium in 408 cm ethanol) 
then the mixture was refluxed for 1 hour and then cooled and 
kept overnight at 0°C. The sodium salt intermediate was 
filtered at 0 °C and dissolved in ice cold water (45 cm^).
The solution was added to crushed ice (ca. 500g) and made
acidic with concentrated hydrochloric acid, the product
precipitated in the acidic medium. It was filtered and ■>
air dried to give (62g), m.p. 65-68°C. The filtrate was
3
extracted with chloroform (3 x 40 cm ), and the extracts
were combined, dried over anhydrous sodium sulphate. Removal
of the solvent afforded 15g of the product. The combined
product was recrystalized from ethanol to give 75g (63.5%) ,
m.p. 72-73°C ( Found: C, 47.4; H, 3.9; N, 11.0. C ^ N O S
requires C, 47.2; H, 3.9; N, 11.0%); m/z B127 (M+) (100);
100 (M - HCN)+ (5) , 85 (M - CH2=C0)+ (2) , 74 (M - CH2 =CHCN)+
(14), 58 (C2H5 S)+ (4), 54 ( C ^ O ) + (25), 46 (CH2 S)+ (8 8 ),
45 (CHS)+ (22), 42 (CH2 C0)+ (10), 28 (3) and (27) (6 ) ;
v 2900, 2258, 1745, 1448, 1395, 1305, 1250, 1200, 1112 max '
and 86 7 cm”1 ; 6 (CDC13) 3.36 (1H, m, CHCN) , 3.41 (2H, s',
C0CH2S ) , and 3.51 (2H, m, CN - CCH2S , Jgem = 9.08Hz,
J . = 3.65Hz).— vie
b) Ethylthioglycolate (136.8g, 1.14m) and aerylonitrile 
(61g, 1.15m) were mixed at room temperature and the mixture 
was added, dropwise, at 20°C to an ethanolic solution of
3
sodium ethoxide (36g Na in 500 cm absolute ethanol) then 
the mixture was warmed at 70°C for half an hour. The 
reaction mixture was then cooled and kept overnight at 0°C. 
The sodium salt of the product was filtered at 0°C and
3
dissolved in ice cold water (50 cm ). The oily product 
was added to crushed ice (ca. 400g) then the mixture was 
made acidic with concentrated hydrochloric acid. The 
product precipitated and was filtered off to yield 77g;
3
extraction of the filtrate with chloroform (3 x 50 cm )
afforded more product (19g). The combined product was 
recrystallised from ethanol to give 95g (65%) , m.p. 72-73°C:
The 2,4-dinitrophenylhydrazone derivative of the product 
had m.p. 170-172°C ( Found: C, 43.0? H, 2.8; N, 22.5.
C11H 19N5°4S re<3uires C ' 43.0; H, 2.9; N, 22.8%).
v) 3-Oxote tr ahy dro.thi ophene
3-0xo-4-carboethoxytetrahydrothiophene (20g, 0.115m)
3
was boiled in 1 0 % sulphuric acid ( 2 0 0 cm ) for 6 hours.
The solution was cooled, saturated with sodium chloride
3
and extracted with ethyl acetate (4 x 40 cm ). The extracts
were combined, washed with saturated sodium chloride solution 
3
(.2 x 20 cm ) , and dried over anhydrous sodium sulphate. The 
solvent was removed and the residue was fractionally 
distilled under reduced pressure to give 10.5g (89%), 
b.p. 80°C/14mm; m/z 102 (M+) (33), 74 (M - C2H 4)+ (4)
60 CM - CH2 CO)+ (7), 59 (4), 58 (3) , 55 ( C ^ O ) *  (4),
46 (CH2 S)+ (36) , 45 (19), 42 (CH2 C0)+ (4), 32 (S)+ (54),
B 28 (C9 H J + (100) , v 2943, 2910, 1735, 1450, 1400, 1285,
“  fx illcUv
1200, 1138, 990, and 863 cm-1; 6 (CDC13) 2.82 (4H, m, CH2 CH2 S) , 
and 3.23 (2H, s, C0CH2 S). The 2,4-dinitrophenylhydrazone 
derivative had m.p. 177-179°C ( FOund: C, 42.8; H, 3.8;
N, 19.8. c 1 0 H ioN 4°4S rec2uires c / 42.6; H, 3.6; N, 19.9%).
vi) 3,4-Picyan0 - 2 ,5-dihydrothiophene and its 2 ,3-dihydro 
isomer
3-Oxo-4-cyanotetrahydrothiophene (22g, 0.173m) was 
added, portionwise , to a solution of hydrogen cyanide
3
(15g, 0.56m) in methanol (150 cm ) containing three drops 
of concentrated sodium hydroxide at 5-10°C. The solution
was kept overnight at 0°C, then acidified with 80% phosphoric 
3acid (0.5 cm ) and the solvent was removed under reduced '■*
3
pressure. The residue was dissolved in pyridine (200 cm ) 
and stirred. Phosphoryl chloride (55g, 0.36m) was added, 
dropwise, below 80°C, then the solution was stirred at 
room temperature over night. The mixture was added to 
crushed ice (Ca. 400g) and made acidic with concentrated
3
hydrochloric acid, then extracted with chloroform (5 x 100 cm ). 
The extracts were combined, dried over anhydrous sodium 
sulphate and the solvent was removed to leave (8g) of the 
product, m.p. 50-58°C. Fractional recrystaliisation from 
ethanol/petroleum ether gave Fraction (A) ; 6 g, (25.5%) 
which was assigned as 3,4-dicyano-2,5-dihydrothiophene, 
m.p. 108-110°C ( Found: C, 52.8; H, 3.0; N, 20.6. C g H ^ S  
requires C, 52.9; H, 2.9; N, 20.6%); m/z_ 136 (M+ ) (80),
B 135 CM - 1)+ , 109 (M - HCN)+ (2 8 ) , 82 (M - 2HCN)+; Vmax
2930, 2860, 2238, 1630, 1465, 1430, 1383, 1270, 1150, 8 8 0 ,
830, 750, and 490 cm”1; 6 (CDC13) 4.06 (4H, s, 2 x CH2 S).
Fraction (B); 1.4g (6 %) which was assigned as 3,4-dicyano
-2,3-dihydrothiophene, m.p. 82-84°C ( Found: C, 52.7;
H, 2.9; N, 20.3. C g H ^ S  requires C, 52.9; H, 2.9; N, 20.6%);
m/z 136 (M+) (97), 135 (M - 1)+ (81), 110 (M - CN)+ (27)
83 (M - CH,=CHCN)+ (13), B 46 (CH S)+ (100%); V 3118, 3077, z z max
3020, 2930, 2240, 2218, 1560, 1460, 1440, 1210, 900 and 
840 cm”1; 6 (CDC13) 3.68 (2H, d, -CH2 S, J = 8.2Hz, j'= 1.47Hz),
4.25 (1H, t, -CHCN, J = 8.1Hz, J ’ = 1.75Hz), and 7.43 
C1H, d, =CHS, J = 1.75Hz).
vii) 3-Cyano-2,5-dihydrothiophene and its 4,5-dihydro isomer
Hydrogen cyanide was added to 3-oxotetrahydrothiophene'
and the resulting cyanohydrin was dehydrated according to
the same procedure in (vi). Fractional distillation of
the product afforded two fractions : (A); 3.1g (38.5%),
b.p. 46-48°C/0.05mm and (B); b.p. 80°C/0.04mm. ^H nmr
spectrum of fraction (A) showed that it consisted of 56%
+
of 3-cyano-4,5-dihydrothiophene, m/z 111 (M ); v 3120,max
3080, 2920, 2218, 1570, 1435, 1235, 1130, 955, and 832 cm”1;
6 (CDC13) 3.2 (4H, m, -CH2 CH2 S), and 7.15 (1H, t, =CHS,
JV = 1.76Hz), and 44% of 3-cyano-2,5-dihydrothiophene
m/z 111 (M+); V 3080, 3010, 2958, 2238, 1635, 1440, 1410,— — max
1260, 1235, 1215, 1200, 1030, 955, and 832 cm”1; 6 (CDC13)
3.91 (4H, s, 2 x CH2 S), and 6.73 (1H, s, =CH). Combined 
GC-Mass spectrometry of the product mixture showed that it 
consisted of 3 -cyano-2,5-dihydrothiophene; 3-cyano-4 ,5- 
dihydrothiophene ; 3,4-diCyanotetrahydrothiophene;
2,3-dicyanoterahydrothiophene, and 3-chloro-3-cyanotetra­
hy dr othiophene .
viii) Oxidation of 0-(carboethoxymethyithip)-propionitrile
3
Hydrogen peroxide (15.2 cm of 30%), acetic anhydride
3 3(45.7 cm ) and acetic acid (91.3 cm ) were mixed together
at 35°C for 3 hours then cooled to room temperature.
0-(.Carboethoxymethylthio)-propionitrile (8.7g, 0.05m) was
added dropwise below 25°C and the solution was stirred at
room temperature for 3 hours, then at 45°C for 18 hours.
The reaction mixture was neutralised with a saturated solution
of sodium bisulphite (Ca. 20 cm ) and concentrated, under
3
reduced pressure, to ca. 50 cm ; then it was extracted
3
with chloroform (5 x 20 cm ) . The extracts were combined;
dried (Na2 S0 )^ and the solvent was removed under reduced
pressure. The residue was fractionally distilled to give
6 -'(carboethoxymethylsuiphoxy) -propionitrile (5g) , (52.9%);
b.p. 122-124°C/0.02mm; M+ 189; v 2290, 2940, 2260, 1730,max
1290, 1190, 1130, and 1032 cm”1; 6 (CDC13) 1.30 ( 3H, t, -CH3 
J = 7.22Hz), 2.83 (4H, m, CH2 CH2 S), 3.29 (2H, s, C0-CH2 S) 
and 4.20 (2H, q, -0-CH2 , J = 7.32Hz).
ix) Attempted 3,4-Dicyanobutadiene sulphone
m-Chloroperbenzoic acid (2.32g, 0.0135ip) in dry
3
chloroform (60 cm , freshly distilled over was a(^ ed,
dropwise, at -5°C to 3,4-dicyano-2,5-dihydrothiophene (0.68g
3
0.005m) in chloroform (20 cm ) and the mixture was stirred 
for 1 hour; then the temperature was raised to 20-25°C for 
2 days. The solution was then cooled to 0°C and m-chloro- 
benzoic acid was filtered off. The filtrate was washed 
several times with saturated sodium thiosulphate solution, 
then with sodium bicarbonate solution and dried (Na2 S0 ^). 
Removal of the solvent afforded (0.23g) of the starting 
material in addition to polymeric materials. The mass 
spectrum of the polymeric materials was similar to that 
of polymerized dicyanobutadiene.
x )  Attempt to prepare 2,5-diimino-3,4 , 2 1 ,51-dihydro- 
thiophenynenopyr jrolidine
3,4-Dicyano-2,5-dihydrothiophene (1.5g 0.011m) was
3
dissolved in a mixture of dry methanol ( 1 0 cm ) and dry
3
ammonia (20 cm ) , dried over Na) and the mixture was sealed
3
in a thick glass tube (70 cm in capacity). The tube was 
heated in an autoclave at 80°C for 1 hour, then cooled to 
room temperature and the solvent removed, under reduced 
pressure, to dryness to leave tarry material (2.lg). The 
residue was dissolved in hot ethanol and filtered to leave 
balck material on the filter paper (O.lg). The filtrate 
was boiled with charcoal and filtered, the solvent was 
removed and the residue was recrystallised from ethanol to 
give yellowish crystals (0.5g) which darkened at room 
temperature within one day.
3.3 DISCUSSION
The presence of a strong base as a catalyst in the 
Dieckmann cyclisation helps abstract a proton a- to the 
electron-withdrawing cyano or carboethoxy group. The 
anion adds to the ester group at the far end of the molecule 
leading to cyclic sodioate intermediate. Hydrolysis of 
the latter gave the unstable hemiketal which dissociated 
into ethanol and the cyclic ketone. Cyclisation of 
8-7 (carboethoxymethylthio) -propionitrile , unlike the diester 
analogue, underwent one direction to give the 3-oxo-4- 
cyanotetrahydrothiophene (I), scheme I.
9
H 5C2O- C
0 + -
CH2CN H 5C20
0
OH
SCHEME I
The cyclisation reaction was accompanied by polymerisation 
of the starting material leading to, presumably, polysulphides 
carrying 8-keto carbonitriles.
0 0
n C2H 5 O C CHjCN
J  -
0w
E t ON o
C2 H 5 O K  CH- 1—  C CH 2 CN
J I U
In the cyclisation of the diester (IV, R' = R" = H ) , 
a byproduct with the molecular ion M+ 2 74 has been isolated, 
the nmr spectrum of which showed the structure 3-oxo-2- 
(8-carboethoxyethylene)-4-caroethoxytetrahydrothi ophene 
(XIV). Presumably, the starting material dissociated,
( to a certain degree ), in boiling toluene, into ethyl 
acrylate and ethyl thioglycolate; then the ring added, 
through Michael addition, to the acrylate to form the 
above compound.
0I 011
C2 H5O -C  CH2C-O QjHs C2H5O--C
0
-C-OC2H5
0
0
r.G0C2H5
:B
0
A
0
C-OC2H5
0
K H5°*
C2H50-C CH2CH2
0
0
C-OQHs
XIV
Reaction of hydrogen cyanide with 3-oxo and 3-oxo-4- 
cyanotetrahydrothiophene seemed to be reversible. This 
was confirmed by the low yield obtained from the dehydration 
of the cyanohydrin intermediates. Apparently, hydrogen 
chloride ( from phosphoryl chloride and cyanohydrin ) 
catalysed the dissociation of cyanohydrin into the ketone 
and hydrogen cyanide. Furthermore, in the dehydration of 
3-oxotetrahydrothiophene cyanohydrin, the cyanohydrin acted 
as a source of hydrogen cyanide which added to the double 
bond in the formed cyanothiolenes (3-cyano-2,5-dihydro and 
3-cyano-4,5-dihydrothiophene) to give the corresponding
3,4-dicyano and 2 ,3-dicyanothiolane (3,4- and 2 ,3-dicyano- 
tetrahydrothiophene). Hydrogen chloride also adds to the 
double bond to give 3-chloro-3-cyanotetrahydrothiophene.
The products of the dehydration of 3-oxotetrahydrothiophene 
cyanohydrin were confirmed by the combined GC-Mass spectrometry 
technique (Fig. 3.1).
Oxidation of 3,4-dicyano-2,5-dihydrothiophene gave 
polymeric materials an d d small portion of the starting 
material was recovered. The mass spectrum of the polymeric 
materials was similar to that of the polymer which resulted 
from 2 ,3-dicyano-1,3-butadiene. Presumably, the thiophene 
ring was oxidised into the unstable sulphone which dissociated 
eventually into sulphur dioxide and 2 ,3-dicyanobutadiene.
At the mean time, the presence of the peroxide in the solution 
catalysed the free radical polymerisation of the diene.
Reaction between ammonia and 3,4-dicyano-2,5-dihydro­
thiophene has been attempted and it gave an unstable
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Figure 3.1 GC-Mass spectra analysis of a product mixture
from the dehydration of 3-oxotetrahydrothiophene 
cyanohydrin.
0.6yl on 10% Carbowax 20M, support Chromosorb 
(100-120 mesh), temperature was held at 60°C 
for 5 minutes then increased at 10°C/min to 200°C,
3
Helium flow rate was 40cm /min.
Chart speed lcm/min.
©
©
©
Ethanol
M+ 111
M+ 111
cM
a
Chl
cN
©
©
M+ 136
M+ 136 a ctJcN
intermediate which turned into dark brown materials 
insoluble in most organic solvents. The reaction however, 
needs further studies.
The infra red spectra showed characteristic absorptions
for the carbon-sulphur bond at 1350--- 1200 cm Carbonyl
group* in the ester as well as in the cyclic ketones (I and 
3-oxotetrahydrothiophene) absorb at 1745-1730 cm \  while 
the 0-ketoester (7113) showed three bands.'at 1730 cm ^
( which belongs to the carbonyl group in both the cyclic 
ketone and the ester ); 1665, and 1620 cm \  The latter 
two bands belong to the carbon-oxygen and carbon-carbon 
double bonds of the enol form of the keto ester.
0 K  A O
tlvCOCjHs
/ H  q
°NV  ;c-qc2h5
The cyano group in the cyanoester and in compound (I) 
absorbs at 2258 cm  ^while it absorbs at 2238 cm ^ in 
(Ila) due to the conjugation with the double bond. 3,4- 
Dicyano-2,3-dihydrothiophene (lib) shows two absorptions 
for the cyano group; the one on the saturated carbon atoms 
absorbs at 22 40 cm  ^ and the olefinic cyano group absorbs 
at 2218 cm The latter absorption seems to be affected 
by the conjugation between the cyano group and the sulphur 
atom in the ring.
The cyano group in (Xa and Xb) showed the same character 
as in (Ila and lib).
Conjugation between the sulphur atom and the double 
bond in the cyano compounds (lib and Xb) also appeared in
to the sulphur atom absorbs at 7.43ppm in (lib), and at 
7.15ppm in (Xb), while the olefinic proton in the 2,5-dihydro 
isomer (Xa) absorbs at 6.73ppm.
The methylenic protons a- to the sulphur atom absorb in 
the region £a. 3.00-4.OOppra . The proton geminal to the 
cyano group in (lib) absorbs at 4.25ppm due to the effect 
of the cyano group which shifts the absorption to a lower 
field. The second order coupling J' was shown in compounds 
(lib and Xb); the proton on in (lib) absorbs at 4.25ppm 
as a triplet due to the vicinal coupling with the protons 
on with a coupling constant Jv^c = 8.1Hz. The triplet 
is split into doublets J' = 1.75Hz due to the coupling with
the nmr spectra (Fig. 3.2). The olefinic proton a-
CN CN CN
H
11 b Xb
C NN C
T 1
Figure 3.2 NMR spectrum of 3,4-dicyano-2,3-dihydrothiophene.
CN
101 1 9 07 68 5 3 2
Figure 3.3 NMR spectrum of 3-oxo-4-cyanotetrahydrothiophene.
the proton on C^. Similarly, the proton on absorbs
at 7.43ppm as a doublet J' = 1.75Hz for the same reason.
In the same molecule, the methylenic protons on absorb
at 3.6 8ppm as a doublet due to the vicinal coupling with
the proton on C^, ivic = they couple with the
proton on C^, through the sulphur atom, so the doublet is
split into two doublets, J' (4~H,- 1-H) 1.47Hz. The second
order coupling is also shown in (xb) where the proton on
absorbs at 7.15ppm as triplet J 1 = 1.76Hz due to the
coupling with the protons on C^. The geminal coupling
is shown in 3-oxo-4-cyanotetrahydrothiophene (I) Fig.(3.3)
where the methylene protons in position 5 form an AB system,
— gem = 9 -0 8 Hz, and the peaks are split into doublets due
to the vicinal coupling with the proton on position 4,
J . = 3.65Hz.■—vie
The mass spectra of the thiophene derivatives showed
the loss of fragments such as HCN, C2 H^0 , CO, CH2=CH2 ,
C^CO, and CH2=S. The fragmentation pattern varied between
the compounds, for example : 3“ (Carboethoxymethylthio)-
propionitrile 173 (scheme II) showed loss of HCN to
give the daughter ion m/z 146 or loss of ethoxy group to
give the daughter ion m/z 12 8 . Loss of carboethoxy
fragment from the molecular ion also took place to give the
daughter ion m/z 100. This was shown by the metastable ion
m* at m/z 57.8. The daughter ion m/z 100 underwent further
+ + 
fragmentation into CH2=S m/z 46 and ( C ^ ^ C N  m/z 5 4 and
the fragmentation gave rise to the metastable ion m* at
m/z 29.16. The C— S bond in the molecular ion also underwent
splitting leading to (-(C H ? ) 7 CN)+ , B m/z 54 (100%), and 
0
(S-Cf^C-OC^H^) + which appeared as two equal peaks at m/z 
118 (4%) and m/z 120 (4%).
0•I
+  •
1
m/z 173 M
VCH2CH2CN m/z 54J3 
S-CH2C00C2H5T m/z 119
m/z 128 +•
m/z 146
m/z 101
c H 2=sT m/z 46
CH2CH2 CN 
m/z 54  B m/z 59
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CHAPTER IV
CYANOHYDRINS AND THEIR DERIVATIVES
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4. 1 INTRODUCTION
/
a ,$-Unsaturated nitriles have been prepared from ketones
or aldehydes by the dehydration of their corresponding 
(1 2)cyanohydrins, 9 or the pyrolysis of their acetyoxy
(3)derivatives. The synthesis of 2 ,3-dicyano-1,3-butadiene
( used as starting material for 3,4-dicyanobutadiene sulphone
chapter II ) from diacetyl has been studied in detail in this
work. Also the synthesis of 2-cyano-l,3-butadiene from
methyl vinyl ketone has been attempted. In addition the
unsaturated nitriles from acetone, acetaldehyde, ethyl methyl
ketone, cyclohexanone, and 1,2-cyclohexanedione have been
prepared. The addition of hydrogen cyanide to the carbon-
carbon double bond has afforded relatively good yields of
1,2-dicyano derivatives. 1,.2-Di cyano compounds have been
(4)reported from their corresponding diacids.
The preparation of cyanohydrins has been achieved in
the past by different methods; for example, the ketone or
(5)aldehyde was treated with hydrogen cyanide in dry or
aqueous solution in the presence of piperdine, sodium
cyanide, or sodium hydroxide. The reaction between sodium 
bisulphite and ketones or aldehydes afforded the sodium 
sulphonate intermediates which in turn were treated with 
sodium cyanide to give the corresponding cyanohydrins.
Acetone cyanohydrin has been used as a source of 
hydrogen cyanide to prepare other cyanohydrins of higher 
stability. The cyanohydrin is in an equilibrium with the 
corresponding carbonyl compound and hydrogen cyanide
O HO CN
I \/
HCN + R-C-R1 -- v R-C-R'
Q:yanohydrin J M 
K = ------------ o---------
[h Cn ] M  [r C-R' ] M
where K is the equilibrium constant and M is the molar 
concentration; the higher the K value, the more stable the 
cyanohydrin is. Ketone and aldehyde cyanohydrins with high 
K values can be prepared from other cyanohydrins with lower 
K values. For example, acetaldehyde cyanohydrin (K 7100 M
can be prepared from the reaction between acetone cyanohydrin
-1 (7)
(K 2 8 M ) and acetaldehyde.
Dehydration of cyanohydrins has been achieved by reaction
with phosphorous pento x i d e , ^  phosphoryl chloride, ^  and
(8)
thionyl chloride. It.has been reported that phosphorous
pentachloride and phosphorous trichloride react with
cyanohydrins in dilute solutions in presence of a base to
(9)give the corresponding a-chloro nitriles. Diacetyl-
biscyanohydrin with thionyl chloride, however, afforded a 
good yield of the cyclic sulphite in this work.
CN CN CN CN
CHs-C—  C-C-H3 + SOCI2  _ CHH  K H3
0 . ^ 0OH OH
n 
0
The reaction of acyl halides with cyanohydrins afforded the
(5)corresponding aoyloxy derivatives. Diels and Straumer '
prepared 2,3-diacetoxy-2,3-dicyanobutane in a 41% yield
(5)from acetyl chloride and diacetylbiscyanohydrin.
We have modified their method and increased the yield to 
94%; simply by refluxing the cyanohydrin in a ten fold excess 
of acetyl chloride in the presence of concentrated sulphuric 
acid as catalyst. Tawney ^  and Prill reported the
preparation of 2 ,3-dicyano-1,3-butadiene from the pyrolysis 
of thediacetoxy derivative but did not mention the yield. 
Baily, Hudson and Yates repeated the work and reported
a 10% yield from the pyrolysis reaction :-
CN CN CN CN
CH -C-C=CH + V  ^
OAc 2 // \\
10%
2,3-Dicyano-l,3-butadiene, however, has been prepared in
good yield by two other different multistep methods; the
first involves the thermal rearrangement of 1 ,2-dicyanocyclo- 
(12 13)butene ' and the second method involves the thermal
cracking of 1,2-dicyanocyclohexene at an elevated
temperature ^
CN CN
CN CN
U._
CN CN
400-500°C v \x0.01mm
CN CN
700 C . . . .  +  CH =CH
0.01mm /  ^ ^
CN
CH--C —  
3 \
OAc
CN
C - CH~ 
I J
OAc
o.450-500 C
1-3 sec
1.3-Butadienes with electronegative substituents on positions
2-, and 3-, have been reported to be unstable and undergo
polymerisation within a short time. For example, 2.3-
dibromobutadiene undergoes polymerisation within minutes at
room temperature while 2 ,3-dichlorobutadiene polymerises
(15)within a few hours, also at room temperature. Similarly,
2.3-dicyanobutadiene undergoes polymerisation either in
(3)solution or in its crystalline state at room temperature; 
in fact, the polymerisation in the presence of free radicals 
was completed within a few hours. Hydroquinone was used as 
a free radical inhibitor to stabilise the dicyanobutadiene; 
the stabiliser however reduced the diene to 2 ,3-dicyano-2- 
butene ( a,a'-dimethylmaleonitrile ).
It has been reported that the dicyanobutadiene underwent
Diels-Alder addition with maleic anhydride in refluxing xylene
(16)
to give a poor yield while the reaction failed in
(12)refluxing benzene or toluene. Also the diene failed to
add to electron deficient olefins such as 1,2-dicyanocyclo- 
hexene, fumaronitrile, and tetracyanoethylene or even to
some simple olefines such as cyclohexene and vinyl cyclo-
, (16) hexene.
Allylic bromination of 2-cyano-2-butene has been 
attempted in this work in order to prepare the corresponding
1,4-dibromide derivative which could be reacted with sodium 
sulphide to synthesise 3-cyano-2,5-dihydrothiophene.
However, the brominated olefin was obtained in poor yield 
and underwent polymerisation.
4.2 EXPERIMENTAL
i) Preparation of Cyanohydrins
Cyanohydrins used in this work were prepared according 
to the following methods: Yields and physical constants are
listed in Table (4.1) .
A) The ketone ( lm.) was added to a stirred solution of 
25% sodium cyanide (200 cm^) at 10-15°C. Sulphuric acid 
(2 75 cm containing 30% I^SO^) was added at 10-15°C and 
stirred for \ hour. The product was extracted with ether, 
dried (Na2 S0 ^), then the solvent was removed under reduced 
pressure and the residue was fractionally distilled.
B) The ketone ( lm.) was added at 10-20°C to an efficiently 
stirred 50% sodium metabisulphite solution containing
0.5 mole of the metabisulphite per one carbonyl group and 
stirred for \ hour. Sodium cyanide solution (25%) containing 
one mole cyanide per carbonyl group was added at 10-15°C 
and the solution was stirred for 1 hour. The product was 
extracted with ether, dried (Na2 $0 ^), then the solvent was 
removed under reduced pressure and the residue was distilled 
or recrystallised.
C) This method was used to prepare the diacetylbis- 
cyanohydrin. Thus, diacetyl (9.3g, 0.11m) was added at 
10°C to stirred acetone cyanohydrin (18.7g, 0.22m) 
containing a few drops of concentrated solution of sodium 
cyanide. After 15 minutes, the mixture was subjected to 
reduced pressure in order to remove the acetone and shift 
the reaction equilibrium towards the product which started
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precipitating during the reaction. The crude product was
3 3dissolved in ether (70 cm ) , washed with water ( 3 x 5 cm )
and dried (Na2S0^). The solvent was removed and the residue
was recrystallised from ether to yield 6g (39%); m.p. 110-111
( Found: C, 51.5; H, 5.8; N, 20.0%. recIu;*-res
C, 51.4; H, 5.7; H, 20.0% ); m/z 113 (M+ - HCN)+ , vmax
3380, 2250, 1145, 1105, 1080 and 925 cm""1.
ii) 2 ,3-Diacetoxy-2/3 -dicyanobutane
(5)This was prepared according to Diels and Staumer
with some modification. Thus, diacetylbiscyanohydrin
3
(16g, 0.114m) was added to acetyl chloride (110 cm ). 
Concentrated sulphuric acid (3 drops) was added and the 
mixture was warmed gently at the begining then refluxed for 
1 hour. Excess acetyl chloride was distilled off and the 
residue was treated with ethanol. The product was filtered 
off and recrystallised from ethanol to give 24.Og (94%) , 
m.p. 172-173°C ( Found: C, 53.5; H, 5.4; N, 12.5%.
C10H21N2°4 rec3uires c * 53.6; H, 5.4; N, 12.5%. ); m/z 224 (M+) 
2960, 2250, 1750, 1450. 1330, 1220, and 1035 cm"1;IIlcLX Q
6 (CDC13) 2.03 (6H, s, 2 x CCH3) , and 2.21 (6H, s, 2 x CH3~) . 
2-ACetoxy-2-cyanopropane was prepared similarly; b.p. 79/ 
12mm; 6 (CDC13) 1.75 (6H, s, 2 x CH3) and 2.09 (3H, s, 
c h 3c-).
iii) 2-Cyano-2-tosyloxy-propane
Acetone cyanohydrin (2.55g, 0.03m) was added, dropwise, 
at 0°C to P_-toluene sulphonic acid chloride (5.7g, 0.03m)
in pyridine (9.82g, 0.12 4m) and the mixture was stirred at
room temperature for 30 minutes, then was poured into ice-
3
cold water (40 cm ) , and acidified with HC1. The product
precipitated and was filtered off. Recrystallisation from
ether afforded white shiny crystals (0.43, 6%) m.p. 99-
100°C ( Found: C, 55.2; H, 5.6; N, 5.8%. cn H ^2N03^ requires
C, 55.2; H, 5.4; N, 5.9% ); m/z 239 (M+) ; v 1590, 1370max
1355, 1195, 1178, 1090, 945, and 895 cirf1; 6 (CDC13) 1.86 
(6H, s, 2 x CH3) , 2.46 (3H, s, CH3) , 7.37 (2H, d, 2 x 
m - H-C-C-C-S03-, = 7.9 Hz ) and 7.85 (2H, d, 2 x 0 -
H-C-C-S03-, = 8.49 Hz ), (Fig. 4.1).
iv) cis-2,3-Dicyano-2 ,3-butylenesulphite (cis-4,5-dicyano-
4,5-dimethy1-1,3,2-dioxathiolane-2-oxide).
This compound was prepared when an attempt was made to 
dehydrate the diacetyIbiscyanohydrin. Thus, diacetylbis- 
cyanohydrin (2.8g, 0.02m) was heated in thionyl chloride 
(50 cm ) at 60 C for 90 minutes while a stream of nitrogen 
was being bubbled through the solution. Excess thionyl 
chloride was removed under reduced pressure and the residue 
was recrystallised from ether-petroleum ether to yield 1.6g 
(43%) of white crystals; m.p. 76-77°C ( Found: C, 38.5; H, 3.2 
N, 14.9%. C g H g ^ O ^  requires C, 38.7; H, 3.2; N, 15.1% ); 
m/z 186 (M+) ; 2240, 1395, 1225, 1140, 1110, 1060, 920,
— IIlcLX
900,- and 770 cm"1; 6 (CDCLj) 1.85 (6H, s, 2 x CH3) .
v) Dehydration of cyanohydrins: (General method)
A) Thionyl chloride (3.5m) was added, dropwise, to the 
cyanohydrin ( lm ) under anhydrous conditions. A vigorous 
reaction started immediately and continued for 0.5 hour; when 
the reaction subsided, the mixture was refluxed for 4.5 hours. 
Excess thionyl chloride was distilled off and the residue
T
10 0 5
Figure 4.1 H NMR spectrum of 2-cyano-2-tosyloxypropane
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was neutralised with methanol. Fractional distillation of 
the product afforded 56-65% yield of the unsaturated nitrile.
B) Phosphoryl chloride (117g, 0.75m) was added, dropwise, 
to an efficiently stirred mixture of cyanohydrin (0.5m) and
3
pyridine (300 cm ) at such a rate as to keep the mixture 
refluxing; then the reflux was continued for a further
1.5 hours. The mixture was cooled to room temperature and 
poured cautiously over crushed ice (ca. 500g), then acidified 
with concentrated HC1, and the organic layer was separated. 
The aqueous layer was extracted with diethyl ether ( 3 x
3
60 cm ), the extracts were combined with the organic layer, 
dried (Na2 S0 ^), and the solvent was removed under reduced 
pressure. Fractional distillation of the residue afforded 
80-85% yield. The dehydration products from both methods 
are listed in Table (4.2).
vi) Pyrolysis of 2,3-diacetoxy-2,3-di cyanobut ane
The hot tube described in chapter (II) was packed with 
quartz chips and was set vertically. The temperature was 
measured alongside the tube by means of a thermocouple and 
the reaction zone was regarded as the middle 50 cm of the 
tube (Fig. 4.2) while the ends (20 cm each) were regarded 
as for preheating the reactants and cooling the product.
The reaction was carried out under normal, or reduced 
pressure. Nitrogen was used as a diluent; acetic acid 
( or acetone ) was used as a solvent for the reactants.
The following is a description of a typical experiment:-
3 ajn^ jedujai
2,3-Diacetoxy-2,3-dicyanobutane (50g, 0.22m) was dissolved
3in glacial acetic acid (125 cm ) and the solution was 
heated and added dropwise from a separating funnel ( wrapped 
with heating tape and heated to 110°C ) into the pyrolysis 
tube which was heated to 470-490°C. Nitrogen was passed
3
at a rate of 240 cm /min. The product mixture was condensed 
in a spiral Pyrex condensor and collected over hydroquinone 
in a series of three traps cooled in an ice-salt mixture. 
Unreacted starting material was filtered off (5g), and the 
filtrate was evaporated under reduced pressure. More 
starting material was isolated (2g) and the residue was 
fractionally distilled to give 2.0g of 2 ,3-dicyano-l,3- 
butadiene (8.0%), b.p. 80°C/8mm/ m.p. 119-123°C ( Found:
C, 69.2; H, 4.2%. CgH ^N2 requires C, 69.2; H, 3.9%); 
m/z 104 (M+); v v 3120, 2920, 2230, 1580, 1165, 1100, 960,
—  ITlciX
880, and 725 cm-1; 6 (CDC13) 6.33 (4H, d, 2 x CH2=, J = 10.83Hz). 
The half pyrolysis product was also isolated; this 2,3- 
dicyano-3-acetoxy-l-butene was distilled at 89°C/lmm to 
yield 3.0g (8.3%) ( Found: C, 5 8.7; H, 5.0; N, 16.9.
C8H 8N2°2 re<3uires c / 58.5; H, 4.9; N, 17.1%); m/z 164 (M+) ;
2960, 2237, 1750, 1620, 1510, 1450, 1380, 1220, and
IIlcLX q
1035 cm”1 ; 6 ■ (CDC13) 2.16 (3H, s, CH3C-) 2.33 (3H, t, CH3
J* = 1.17Hz), and 4.90 (2H, d, CH0=, J = 1.48Hz).— 2 - gem
vii) Addition of bromine to a,3-unsaturated nitriles
Bromine was added to the double bond in both 2-cyano-2- 
butene and 1-cyanocyclohexene in order to prepare solid 
derivatives. Thus, bromine (34g, 0.2m) in carbon tetra­
chloride (30 ml) was added, dropwise, to 0.2 mole of the
3cyano-olefin in refluxing carbon tetrachloride (80 cm ).
The reflux was continued for 1.5 hours then the solvent 
was removed under reduced pressure and the residue was 
recrystallised from ether-petroleum ether. The yield of 
2-cyano-2,3-dibromobutane was 77.5%, b.p. 50-55°C/lmmf 
m.p. 69-70°C ( Found: C, 24.8; H, 2.7; N, 5.6. C ^ B ^ N  
requires C, 24.9; H, 2.9; N, 5.8% ) ; m/z 2 39 (M+) ; 6 (CDCl^)
2.06 (3H, d, CH3 - CBr, J = 6.44 Hz ), 2.27 (3H, s , CH3 - 
CBrCN) and 4,24 (IH, q, CHBr, J = 6.7 Hz ). The yield of
l-cyano-l,2-dibromocyclohexane was 95.5%, m.p. 67°C 
( Found: C, 31.5; H, 3.4; N, 5.4. C^H^B^N requires C, 31.5; 
H, 3.4; N, 5.2% ); 6 (CDC13) 1.77 (4H, c, ( C H ^ - ) ,  2.21 
(2H, c, CH2CBr), 2.39 (2H, c, CH2BrCN) and 4.32 (IH, 2d,
CHBr, J = 8.49 Hz).
viii) Allylie bromination of 2-cyano-2-butene
2-Cyano-2-butene (16.2g, 0.2m), N-braraosuccinimide 
(71.2g, 0.4m) and benzoyl peroxide (4.8g) were refluxed
3
in chloroform (400 cm ) for 2 4 hours, then the mixture was 
cooled to room temperature and kept in the refrigerator 
overnight. The succinimide was filter off (28.5g, 72%) 
and the solution was evaporated to about 1/3 its original 
volume, then kept in the refrigerator overnight. Some more 
succinimide was isolated (4g), the yield thus being increased 
to 81.3% ( based on N-bromosuccinimide ). The filtrate was 
evaporated to dryness under reduced pressure and the residue 
was fractionally distilled to give 8g, (44.4%) of the 
starting material, b.p. 74-78°C/20mm; and 12g of brominated 
compounds, b.p. 122-128°C/17mm. Combined GC-MS showed that 
the high boiling fraction contained 2-cyano-2-butene,
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1-bromo-2-cyano-2-butene, 4-bromo-2-cyano-2-butene,
2-cyano-2,3-dibromobutane and 2-cyano-l,4-dibromo-2-butene 
(Fig. 4.3)
ix) Addition of Hydrogen Cyanide to a,3- unsaturated Nitriles
General method
The unsaturated nitrile (0.3m), acetone cyanohydrin 
(34g, 0.4m), sodium cyanide (3g), and 18-Crown-6 (2g)
3were stirred together in refluxing acetonitrile (70 cm , 
freshly distilled over P2°5^ * The reacti°n was followed by 
G C . The yields and reaction times are listed in Table (4.3).
CD—
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Figure 4.3 GC-Mass spectra analysis of the allylic
bromination products from 2-cyano-2-butene. 
lyl on 20% Carbowax 20M, support Chromosorb
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and increased at 10°C/min to 210°C.
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Figure 4.3 (continued).
4* 3 DISCUSSION
The preparation of cyanohydrin involved the nucleophilic 
addition of hydrogen cyanide to the carbon oxygen double 
bond. The reaction is catalysed by a base which generates 
the cyanide ion. The latter adds to the electron deficient 
centre in the double bond. Hydrogen cyanide was used 
either directly or indirectly from another cyanohydrin. In 
the first of these approaches, dilute sulphuric acid was 
added to a mixture of ketone and sodium cyanide; the hydrogen 
cyanide liberated from the mixture reacted with the 
ketone directly, with cyanide ion catalysis
(—) •*o  q  : o :  o h p
| u  | HCN | u
-C- + : CN  ) -C-  ) -C. - + : CN
I I
CN CN
This method however, is not valid for all ketones, for
example, the addition of diacetyl to sodium cyanide solution
resulted in low yield of diacetylbiscyanohydrin in addition
to polymeric materials. It seems that the cyanide anion is
basic enough to abstract a proton a- to the carbonyl group
(5 )and lead to polymerisation. Diels and Straumer isolated
p-xyloquinone from diacetyl in an alkaline solution. 
Apparently, the anion from diacetyl underwent dimerisation 
followed by dehydration to form the quinone:-
0 0 
II ll
CH — C—C—CH3
:B O 0 0il il
CH3-C-C-cH2
:c h . CH.
c h 3\ :c h 2
*  \\
0 0
O °X CH 
\\ \/
2HB
CH, I \\
0 o
- 2 H 2 °
/ w
CH3 0 3 OH O
The fact that a cyanohydrin exists in an equilibrium with 
the corresponding ketone and hydrogen cyanide raises the 
possibility of transfering hydrogen cyanide from one 
cyanohydrin to another ketone to form a new cyanohydrin 
provided it is more stable than the former one.
0
I) 2
R'-C-R + HCN
Ki =
HO CN
\ / 2 
R'-C-R
HO CN
\ \ / 2 - R'-C-R
r 0 
^HCn J I R'-C-R"
0 OH CN
^ II A x ^ \ ^  A
R -C-R + HCN v i. .■ R -C-R
where K-. and are the equilibrium constants. To prepare
3 4 HO CN
the cyanohydrin of R —CO—R from the cyanohydrin -.1 -.2 ;i\ —C,—x\
the value I^/K^ must be larger than 1 .
HO CN 0 0 HO CN
l , / 2 3 "  4 . 1 " 2 3 \ / 4
R -C-R + R -C-R R -C-R + R -C-R
K2
K 1 = ------- > 1
K1
where K 1 is the transfer constant, the larger K ’ value the 
faster the hydrogen cyanide transfers. This fact was made 
use of in the preparation of diacetyIbiscyanohydrin from 
acetone cyanohydrin. This method, however, gave a relatively 
low yield.
The preparation of cyanohydrin through the sulphonate 
intermediate gave excellent yields and appeared to be 
superior to the previous two methods. Hydrogen cyanide added 
to both the carbon-carbon and carbon-oxygen double bonds in 
methyl vinyl ketone and only afforded a low yield of 
methyl-B-propionitrilyl ketone and its corresponding 
cyanohydrin. Combined GC-Mass spectrometry showed two 
molecular ions at m/z 97 ( which belongs to methyl vinyl ketone 
cyanohydrin and methyl-3“propionitrile ketone ) and at m/z 
124 ( which belongs to methy1-B-propionitrilyketone cyano­
hydrin ) (Fig. 4.4).
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Figure 4.4 GC-Mass spectra analysis of the hydrocyanation
of methyl vinyl ketone.
0.5]il on 10% Carbowax 20M, support: Chromosorb W
(100-120 mesh}, the temperature was held at 60°C
for 5 minutes then increased at 10°C/min to 200°C.
3
Helium flow rate was 40cm /min.
Chart speed lcm/min.
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Thionyl chloride reacted with the hydroxy group in the 
cyanohydrin to form, evidently via a sulphite chloride 
intermediate and elimination of HCL and S02 , the unsaturated 
nitrile or the chlorocy.ano derivative. The last derivative 
underwent either dehydrochlorination to give the unsaturated 
nitrile or dehydrocyanation to form the unsaturated chloro- 
derivative. Combined GC-Mass spectrometry showed that the 
product from methyl ethyl ketone cyanohydrin with thionyl 
chloride ( or phosphoryl chloride ) (Fig. 4.5) contained 
cis- and trans-2-cyano-2-butene, 2-cyano-l-butene and 
2-chloro-2-butene. These observations served to confirm 
the suggested mechanism through the chlorosulphite 
inte rme di ate.
CN 
I
— CH3* C- CH2C H3
CN
CHj- c- ch2- c h 3 v
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t
0
ch3c ^ c h2ch3
H ^Cl 
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Figure 4.5 GC-Mass spectra of the product from the
dehydration of methyl ethyl ketone cyano­
hydrin, using thionyl chloride or phosphoryl 
chloride as dehydrating agent.
0.2pi on 10% Carbowax 20M, support Chromosorb W Aft 
(100-120 mesh), temperature 50°C - 90°C 
increased at l°C/min. Chart speed 20cm/hour.
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The reaction of thionyl chloride with diacetylbis- 
cyanohydrin led to the cyclic sulphite derivative 
( cis-4,5-dicyano-4,5-dimethyl-1,3,2-dioxathiolane-2- 
oxide). The reaction might have followed two successive 
substitution reactions through SN2 and SN 1 (route A) or 
one step substitution involving the two hydroxy groups and 
the thionyl chloride (route B ) .
CN CN CN CN
I i A
C H 3-C—  c- c h 3 - - -
I I C 2
OH N
CH 3 | j C H 3
0 N  07h
The pyrolysis of 2,3-diacetoxy-2,3-dicyanobutane 
afforded a low yield of the dicyanobutadiene and 3-acetoxy-
2,3-dicyano-l-butene. Only a small portion of the starting 
material was recovered while the rest of the reactants 
remained in the reaction tube and were converted into 
charred materials. In fact, the butadiene might have 
been prepared in good yield but the contact time, necessary 
for the pyrolysis to take place ( 5-10 seconds ), was over- 
long enough for the diene to polymerise and char. When the 
contact time was reduced to 2 - 3 seconds, only half the 
pyrolysis product was obtained. The pyrolysis reaction 
involved the elimination of acetic acid from the diacetoxy 
derivative ( through a free radical mechanism ). The 
pyrolysis of esters is said to be a first order reaction 
and it only depends on the amount of the starting material. 
Therefore, the use of acetic acid as a solvent for the 
diacetoxy derivative did not affect the pyrolysis reaction.
Both nmr and Mass spectra of 2,3-dicyano-butadiene 
(Fig. 4.6) showed the presence of 2,3-dicyano-2-butene 
which resulted from the reduction of the diene by the 
hydroquinone. The diene absorbs as a doublet at 6.33ppm.
The chemical shift difference between the methylene protons 
is due to the anisotropy of the nitrile function. The 
dicyanobutene(2,3-dimethylmaleonitrile) absorbs as a singlet 
at 2.26ppm. The Mass spectrum of the diene ( stabilized 
by hydroquinone ) showed two molecular ions at m/z 106 
( which belongs to the dicyanobutene ) and at m/z 104 
( which belongs to the dicyanobutadiene ).
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Figure 4.6 NMR and Mass spectra of a mixture of
2,3-dicyano-l,3-butadiene and dimethyl-
maleonitrile.
The nmr of 3-acetoxy-2,3-dicyano-l-butene (Fig. 4.7) 
showed that the methyl of the acetoxy group absorbs as a 
singlet at 2.1ppm whilst the other methyl gives a close 
triplet signal at 2.33ppm due to the coupling with the 
olefinic protons with J = 1.17Hz. Here, curiously, the 
two olefinic protons have nearly identical chemical shifts 
with J = 1.48 Hz.
The addition of hydrogen cyanide to methyl acrylonitrile 
afforded a higher yield (85%) than the addition to 
crotonitrile (69%). Presumably, that was due to the fact 
that the double bond in methyl acrylonitrile is more polar 
than the double bond in crotonitrile. Also the methyl group 
in crotonitrile has an adverse steric affect on the addition.
The ^H nmr of 2-butenenitrile (crotonitrile), (Fig. 4.8) 
showed both cis- and trans-isomers. The methyl trans- to 
the cyano group absorbs at 1.92ppm as a doublet J = 6.88Hz 
due to the coupling with the proton geminal to it. The 
doublet is split into two doublets J 1 = 1.90Hz due to the 
coupling with the proton cis- to it. Similarly, the methyl 
group cis- to the cyano group absorbs at 2.05ppm as a 
doublet J = 6.93Hz due to the coupling with the proton 
geminal to it, and the doublet is split into two doublets 
JV = 1.61Hz due to the coupling with the proton trans- to it. 
The ^H nmr spectrum of acrylonitrile (Fig. 4.9) showed that 
the proton cis- to the cyano group absorbs at 6.26ppm as a 
doublet J. = 17.40Hz due to the coupling with the proton 
trans- to it (2 - H) (geminal to the cyano group). The 
geminal coupling constant in this proton is Jgem = 1.76Hz.
The proton trans- to the cyano group absorbs at 6.08ppm as 
a doublet J = 11.41Hz (cis-coupling to 2 - H) . The geminafl 
coupling constant in this case is Jgem = 1.47ppm. It seems 
that the geminal coupling constant in protons cis- to an 
electron withdrawing group is slightly higher than in the 
proton trans- to it. The proton geminal to the cyano group 
(2 - H) absorbs at 5.64ppm as four peaks. In fact it absorbs 
as a doublet J_ = 17.27Hz due to the coupling with the proton 
trans- to it, and then each peak of the doublet is split 
into a new doublet J = 11.41Hz due to the coupling with the 
proton cis- to it.
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Figure 4.7 H NMR spectrum of 3-acetoxy-2,3-dicyano-l-butene.
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Figure 4.8 NMR spectrum of acrylonitrile.
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CHAPTER V
PHTHALIC ACID DERIVATIVES
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5.1 INTRODUCTION
The preparation of A*-tetrahydrophthalonitrile (3,4,5,6-
tetrahydrophthalonitrile) from phthalic anhydride will be
discussed in this chapter. This compound has been reported
to be a good source for 2 ,3-dicyano-1,3 -butadiene ^
through an anti-Diels-Alder reaction. The reduction of
(2 )phthalic anhydride was reported by A. von Baeyer.
Sodium amalgam was used in alkaline solution to generate 
hydrogen, which reduced the aromatic ring to tetrahydro- 
phthalic acid. The main product in this reaction was 
A2-tetrahydrophthalic acid, in addition to A 3-, and A 4- 
isomers. The A 11-isomer has also been reported from the
(3)reaction between butadiene sulphone and maleic anhydride. 
Heating both isomers A2-, and A 1*- at 200°C in the presence 
of palladium as a catalyst afforded the A1-isomer in a good 
yield.
The early studies of catalytic hydrogenation suggested
that the less hindered side of an unsaturated molecule is
(4)adsorbed onto the catalyst surface. The adsorption is 
followed by a simultaneous transfer of two or more adsorbed 
hydrogen atoms from the catalyst to the adsorbed molecule 
and subsequent desorption, of the reduced molecule.
This has led to the generalisation that a cis-addition 
of two hydrogen atoms takes place at the less hindered side 
of the multiple bond. It has been proved by hydrogen- 
deuterium exchange isomerisation that the transfer of a 
hydrogen atom to an adsorbed molecule occurs in a stepwise 
manner. The mechanism of this process involves a series
of accompanying equilibria which involves both 7r-bonded
(5)
and half hydrogenated intermediates, as in scheme I.
Scheme I . Catalytic hydrogenation of carbon-carbon double 
bond
h 2 + !f!j/rmn'r/TTrr t H H
h 2 I *\ 
- c = c - c -
1.
H 2 ' C ~  ""V ' SHH ' C 
n u n  h n  l / r j j r r XT
ii 2i
H H — C=C H
// \ n  'h j j j i  h i  U'fTTT
Studies have also shown that hydrogenation follows another 
mechanism which involves the formation of a ir-allyl 
intermediate with the catalyst, the molecule then being 
reduced, as in scheme I I . ^
Scheme II Catalytic isomerisation of a double bond
i t
O O O
H d 
in 11
i i
rC = C - C-
777/; //////>'V
I I I 
H'C-Crt H
'>>>>>11)1)11)J>
H'C-C=C- H
777;7/i)}))f ) tfj
The intervention of such intermediates serves to explain the 
fact that olefins can be isomerised on a hydrogenation catalyst. 
Moreover, the reaction of an olefin with deuterium in the 
presence of a catalyst led to a mixture of deuterated products 
containing more or fewer than two deuterium atoms per 
molecule. The cis-addition of hydrogen from the less 
hindered side of the double bond has been found to be 
favoured by the use of relatively high pressure and small 
quantities of catalyst.
The double bond in A x-1,2-dicarboxycycloalkenes has 
been reported to isomerise to the A 2- corresponding isomer
(7)
in alkaline solutions. For example, A 1-tetrahydrophthalic 
acid gave the A2- isomer when heated in potassium hydroxide' 
solution.
Reaction of urea or carbamates with phthalic anhydride
/ o)
afforded the corresponding imide. Ammonia has been made 
to react with the anhydride in this work and gave the same 
result. The imide gave the diamide when kept in a saturated 
aqueous ammonia solution at 0°C for a w e e k . ^  Dehydration 
of amides using different agents like phosbhorous pentoxide 
phosphorous pentachloride, phosphoryl chloride,
thionyl chloride, and phosgene has been reported.
The last reagent was used in this work and afforded a good 
yield of AJ-tetrahydrophthalonitrile from the corresponding 
amide.
Phthalonitrile has also been reported from o-xylene
by passing a mixture of o-xylene, ammonia, and air over a
catalyst (carried over aluminum oxide) at 400-450°C. This
reaction is called "Ammoxidation" because it involves
oxidation of the two methyl groups and the resulting
dicarboxylic acid reacts with ammonia to give the corresponding
amide which dehydrates subsequently over aluminium oxide.
Recent studies have shown that the carboxylic group and
ammonia are adsorbed chemically on the surface of the
(16)aluminium oxide.
0 -u n 0\\ * 2  ^ /
R-C-OH + . HO—Al\ -  > RC-OAlC
+  — .
NH3 + H0-A1<  > NH4OAlC
cis-Hexahydrophthalic anhydride and ammonia have been 
passed over aluminium oxide at 400°C (in this work) to 
give the corresponding imide, together with cis- and trans- 
dicyano derivatives and A 1-tetrahydrobenzonitrile.
5.2 EXPERIMENTAL
(17)i) Sodium amalgam v
Freshly cleaned dry mercury (1200g) was placed in an 
iron mortar (1.5 litre) covered with an iron plate with a 
small hole in it. Metallic sodium (40g) was cut in small 
pieces and introduced in one portion ( cautiously ) into 
the mortar. A violent reaction accompanied with flame took 
place after a few seconds ( sometimes a drop of water had to 
be added to the mixture to start the reaction ). The 
amalgam (3%) solidified slowly and was broken up into small 
pieces and stored in a stoppered bottle.
ii) A2-Tetrahydrophthalic acid
(2)This was prepared according to von Baeyer. The 
yield was 80%, m.p. 215°C ( Found: C, 56.7; H, 6.0 .
C8H 10°4 re<3u:*-res C' 56.5; H, 5.9% ); m/z 152 (M+ - H^O) .
iii) A 2-Tetrahydrophthalic anhydride
This preparation has been developed from the method by 
(2) ?von Baeyer. Thus, A -tetrahydrophthalic acid (20g, 0.12m)
3
was heated in refluxing acetyl chloride (160 cm ) for 4 hours. 
The solution was then cooled to room temperature and 
insoluble materials were filtered off. The solvent was 
evaporated under reduced pressure and the residue was 
recrystallised from ether to give 14g (78.2%), m.p. 77-78°C; 
m/z 152 (M+) ; 6 (CDC13) 1.78 (4H, C, (CH^,) , 2.28 (2H, c,
CH2 C— ), 3 . 4 9 ( 1 H ,  c, CHC=0), and 7.32 (1H, m, CH=).
(3)
iv) A**-Tetrahydrophthalic anhydride
Maleic anhydride (45g, 0.46m) and butadiene sulphone
3
(60g, 0.5m) were heated in refluxing xylene (40 cm ) for
1 hour, and then the mixture was cooled to 80°C. Benzene-
3
(150 cm ) was added and the solution was filtered hot. The 
product precipitated and was filtered to give 61g (87%) , 
m.p. 104°C ( Found: C, 6 3.4; H, 5.1 . cgHgOg requires,
C, 63.2; H, 5.3%); m/z 152 (M+) ; 6 (CDC13) 2.49 (4H, c,
2 x CH2 C= ;) , 3.36 (2H, m, 2 x CH C = ) , and 5.99 (2H, 
m, 2 x CH=).
v) A 1-Tetrahydrophthalic anhydride
a) A 2-Tetrahydrophthalic anhydride (14g, 0.09m) and 10%
Pd/C (0.4g) were heated at 215-225°C for 2 hours. The heat 
was removed and the product was dissolved in ether; the 
insoluble material was filtered off and the filtrate 
evaporated to dryness on the steam bath. The residue was 
recrystallised from petroleum ether (60-80°C boiling range) 
to give lOg of product (71.4%), m.p. 71-72°C ( Found:
C, 63.1; H, 5.2 . CgHgO^ requires, C, 63.2; H, 5.3%); 
m/z 152 (M+); 6 (CDClg) 1.31 (4H, m, (CH2)2) and 2.44 (4H, 
m, 2 x CH2C=).
b) A 2-Tetrahydrophthalic acid (20g, 0.12m) and 5% Pd/C (0.8g) 
were heated together at 210-220°C for 3 hours. The product 
was collected as in (a) to yield 14.5g (81%).
c) A 4-Tetrahydrophthalic anhydride (40g, 0.2m) and 5% Pd/C 
(1.5g) were heated together at 200-210°C for 3 hours. The 
product was collected as in (a) to yield 26g (65%).
vi) A 1 -T e t r ahy droph t h al imi de
a) A 2-Tetrahydrophthalic anhydride and urea were heated 
together according to the method described by Ficken and 
Linstead ^  to yield the imide (81%), m.p. 170-171°C;
m/z 151 (M+) ; v v 3240, 1720, 1690, 1420, 1330, 1070,
— III clX
1025, and 670 cm"1 ; 6 (CDC13) 1.76 (4H, m, - ( C H ^ - ) ,
2.34 (4H, m, 2 x CH2 C =  ) , and 7.36 (1H, s, NH) .
b) A^Tetrahydrophthalic anhydride (7.2g, 0.05m) was 
heated at 165°C and stirred. Ammonia was passed through 
the melt; the temperature rose to 175-180°C and it was 
maintained at this level for 1 hour. The molten product 
was poured into ice-water ( with stirring ) and the 
precipitate was filtered off. Recrystal.lised from benzene 
gave 6 g (84%), m.p. 172°C.
Similarly, cis-hex ahy dr opht h a limide was prepared from 
the corresponding anhydride and ammonia. The yield was 93%,
m.p. 136-137°C; m/z 153 (M+) ; v 3135, 1770, 1700,.max
1460, 1175, 1140, 1080, 930, and 838 cm-1; 6 (CDCI3 ) 1.46 
(4H, c, - (CH2)2), 1.80 (4H, c, 2 x CH2 - C - C=0), 2.92 
(2H, 2 x CH - C=0) and 9.09 (1H, s , b, N - H ) .
vii) A 1-Tetrahydrophthalamide was prepared according to
(9)the method described by Ficken and Linstead from the
corresponding imide. The yield was 82%, m.p. 220°C.
viii) a 1 -Tetrahydrophthalonitrile
A^Tetrahydrophthalamide in pyridine was dehydrated with
phosgene according to the method described by Ficken, France 
(14)and Linstead. The product was extracted with ether
continuously for one week. A new continuous liquid-liquid 
extraction apparatus (Fig. 5.1) was made for this purpose.
The yield was 58%, m.p. 97°C; m/z 132 (M+) ; v 2238,max
1590, 1485, 1370, 1300, 1230, 1210, 970, and 770 cm- 1 ;
6 (CDC13) 1.74 (4H, m, (CH2)2) and 2.43 (4H, m, 2 x CH2 C=).
aqueous layer
ju
solvent (ether)
Figure 5.1 Apparatus for the continuous liquid-liquid
extraction using solvents with a lower density 
than water (e.g. ether).
ix) Ammodehydration of cis-hexahydrophthalic anhydride
The hot tube described in chapter II was used for this 
purpose. The middle 50 cm was packed with aluminium oxide 
granules (8-16 mesh, the free volume 220 cm ) . The system 
was set vertically. cis-Hexahydrophthalic anhydride (77g,
0.5m) was added, dropwise , from a separating funel ( wrapped 
with a heating tape and heated to 150°C ) into the hot tube 
( heated at 400°C ). Meanwhile, ammonia was passed through
3
the hot tube at a rate of 35 cm /sec. The addition was
completed in 25 minutes. The product was collected in the
traps, dissolved in chloroform, and the aqueous layer was
separated. The organic layer was dried (Na2 S0^) and the
solvent was evaporated under reduced pressure to leave a
brown oil (2 0 g) which solidified partially at room temperature.
The solid was filtered off and recrystal.lised from hot
water ( charcoal) to give 5g of cis-hexahydrophthalimide,
m.p. and mixed melting point 137°C. The filtrate was
fractionally distilled to give A x-tetrahydrobenzonitrile
(3g) b.p. 32-34°C/0.5 mm; m/z^ 107 (M+) , v 3050,
max
2224, 1640, 1455, 1445, 1150, 930, 865, 855 and 770 cm
6 (CDC13) 1.66 (4H, m, 2 x CH2) 2.21 (4H, m, 2 x CH2 - C=) ,
and 6.62 (1H, m, CH=) and cis- and trans-hexahydrophthalo-
nitrile (3g), b.p. 100-l02°C/0.1 mm; m/z 134 (M+) , v
— — ' max
2238 cm- 1  ( - CN) , 6 (CDCI3 ) 1.71 (8H, c, -(CH2)4), and
2.95 (2H, c , 2 x CH - CN) . The contact time for this
reaction process was 2 . 6 seconds.
x) Pyrolysis of A 1-Tetrahydrophthalonitrile
A quartz tube (1.5 x 42 cm) was packed with quartz
chips and heated in an electric furnace to 750°C. A 1- 
Tetrahydrophthalonitrile (2g, 0.015m) was distilled through, 
the hot tube under 0.1 mm. The product was collected, 
through a spiral Pyrex condenser, into two traps cooled in 
liquid nitrogen to give crude product (0.25g). The mass 
spectrum of the product (Fig. 5.2) showed that it contained 
both the diene (m/z^  104) ,and the starting material (m/z^  132) . 
The yield in this experiment was not estimated because the 
amount of starting material used was small compared to the 
size of the hot tube, and the rate of addition was not 
controlled. Very probably, some of the diene polymerised 
in the hot tube, as a result.
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5.2 continued.
5* 3 DISCUSSION
Reduction of phthalic anhydride seemed to have taken 
place over the mercury surface where both hydrogen ( from 
sodium and water ) and the anhydride were absorbed, to give 
sodium A^tetrahydrophthalate, scheme III. The double bond 
however, isomerised in the alkaline solution to give the 
A 2-isomer.
0
H 2 +
0
COONa 
V c O O N q  +
■TOONq 
\ c 0  0 Ntt
y h h
NqOOC Nq 00C
Nq OOC^- N a 00
COONa
VVCOONa
0 0 •0:
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o CONaCONa
0 0
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SCHEME III
Butadiene sulphone decomposes into butadiene and 
sulphur dioxide, the fresh diene reacts with maleic anhydride 
to form A^-tetrahydrophthalic anhydride. Presumably, the 
isomerisation of the double bond in both A 1*- and A2- 
tetrahydrophthalic anhydride to give the A1- isomer took 
place through ir-allylic intermediates formed on the catalyst 
as in scheme IV.
T*'> }}>)>"!)})}***
SCHEME IV
A 1-Tetrahydrophthalimide was prepared from the reaction 
between urea and the anhydride. Apparently the reaction 
follows a stepwise mechanism which involves a series of 
intermediates as in scheme V.
The above mechanism is supported by the fact that one mole 
of urea reacts to give two moles of the imide. Ammonia was 
also detected during the reaction. Furthermore, ammonia 
reacted with both A 1-tetrahydro- and hexahydrophthalic 
anhydride to give the corresponding imides in 84 and 93%
yields. Dehydration of the amide gave the corresponding 
carbonitrile. It seems that the phosgene reacted with the 
carbonyl group in the amide to form an iminoester salt 
intermediate, which loses carbon dioxide and chloride ion, 
as in scheme VI.
o
R- C- N H 2
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( R - C 5 N H  )Cl
N
-H
R - C ^ N
- C 0 2
0
0-1- Cl 
—  \ R C=fiH2
N ?
-H
0 / -
0-C-Cl 
R - C =  NH
R = Q
b)
ci
-NH
S C H E M E  VI
The airdnation and dehydration of cis-hexahydrophthalic 
anhydride involves the reaction between the anhydride and 
ammonia ( both reactants being adsorbed over aluminium oxide ) 
to give the imide, then amide, and ends in formation of the 
nitrile. The hexahydrophthalonitrile loses hydrogen cyanide
at high temperature to give A 1-tetrahydrobenzonitrile, as 
in scheme VII.
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SCHEME VII
The Diels-Alder reaction is an equilibrium process between 
the reactants and the product. Temperature and pressure 
seem to have a considerable effect on the equilibrium.
High pressure and moderate temperature increase the addition 
reaction between the diene and the dienophile, whilst
elevated temperature and reduced pressure reverse the 
reaction, that is, the cycloolefin dissociates into the 
diene and the dienophile. This fact has been made use of 
to prepare 2,3~dicyano-l,3-butadiene from A x-tetrahydro- 
phthalonitrile. It is thought that the decomposition 
follows a free radical mechanism.
CN 75 0 °c/o.1mm- 
CN 0.01 sec.
%rCN
^ C N
N H
CN
C N
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